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From the Psychiatric Clinic of the Eigshospital, Copenhagen. 


Changes in the Eespiratoiy Quotient after 
Administration of Insulin and Grlucose 
to Hunmn Subjects on a High and 
on a Low Carbohydrate Diet. 

By 

KNUD LUNDBJEK. 

Received 12 October 1943. 


By insulin shock treatment of psychotic patients favourable 
conditions have been created for many different investigations on 
the effect of insulin on man. Partly the carbohydrate metabolism 
of the patients is generally normal and they can therefore function 
as normal subjects, partly it is possible during insuhn shock 
treatment to give highly variable insulin doses, especially much 
larger doses than can otherwise be administered. And already 
now numerous physiological insuhn investigations are, in fact, 
available from psychiatric departments. 

In the present work an account will be given of a series of in- 
vestigations on the respiratory quotient after administration of 
large and small doses of insuhn and after administration of glu- 
cose. In other pubheations a series of other results of the same in- 
vestigations vdll be treated, viz. the fasting values of blood sugar, 
EQ, and alveolar CO. tension on a high and on a low carbo- 
hydrate diet; the sensitivity of the respiratory centre, and the 
pH of the blood during insulin treatment. The various experi- 
mental results have already been published with full details of 
the experiments in a Danish thesis for the doctorate (LtrNDBJJK 
1943 ). 

On the suitability of ‘psychotic patients for physiological investigations 
on the carbohydrate metabolism. The subjects were patients from the 

1 — i-i0099. Acta phys. Scandinav. Vol. 7. 
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PsycMatric Clinic of the Rigshospital, most of them fresh cases of 
schizophrenia. (There were, however, no katatonic or “tense” patients 
among the subjects). Such patients usually have a normal basal meta- 
bolism and show no symptoms of abnormalities in their carbohydrate 
metabolism, as will appear from the works of Fischer (1928, 1932) 
and Henry (1929) and from an examination of the material of Reiter 
(1925) and Langeeldt (1926). The subjects of the present investigation 
all showed a normal basal metabolism. None of them suffered from 
glucosuria, and all exhibited normal glucose tolerance curves with the 
exception of a single patient whose glucose tolerance curve was of 
normal height but with a somewhat protracted course. This patient, 
however showed no difference in the results from the other subjects. 

As of special interest for the problems here discussed it may besides 
be mentioned that the administration of large doses of insuHn, as in 
the insulin shock treatment, does not change the well known relation 
between the content of carbohydrate in the diet and the shape of the 
glucose and insulin tolerance curve (Lundb.ek and jMagnussen, 1940). 

Tlie Object of the Investigations. 

It is curious to note the small number and extent of the inves- 
tigations to be found in the literature on the effect of insulin on 
the RQ, especially in man. In animal experiments various cir- 
cumstances have rendered doubtful the interpretation of the 
values obtained. With human subjects the most extensive experi- 
ments by far are those of Holten (1929) but this author only 
determined the RQ before and 2 hours after administration of 
small doses of insulin so that no impression can be gained from 
his work of the course of the “RQ curve”. The object of the 
present experiments was to determine the effect of insulin on 
the RQ of man, especially the relation between the blood sugar 
curve and the RQ curve. It was clear, therefore, that dynamic 
methods of investigation must be used, with frequent deter- 
minations, while the reality of the RQ must as far as possible 
be assured, and finally there must be a possibility of the ad- 
ministration of very variable doses of insulin. In view of the 
recent interest in the bearing of the carbohydrate content of the 
diet on the carbohydrate metabolism it seemed natural to include 
this problem and make investigations on a fixed diet either rich 
or poor in carbohydrates, so as to find out a possible difference in 
the carbohydrate metabolism on these two diets, and the periphe- 
ral or hepatic localisation of this difference, if present. -4s 
most of the previous investigations on the significance of the 
preceding diet have been made by means of the administration 



CHANGES IN THE RESPIHATOBY QUOTIENT. 3 

of glucose, a short series of glucose experiments have also been 
carried out irith exactly the same technique as in the insulin 
experiments. 

Previous Investigations on the EQ and Blood Sugar 
after Administration of Insulin and Glucose 
on Tarious Diets. 

The significance of the carbohydrate content of the diet for 
the carbohydrate metabolism has been known for many years 
but was onl}" taken up for closer study by Himswoeth in a long 
series of works (1933 — 39). He showed that the height and length 
of the glucose tolerance curve is in inverse ratio to the amount 
of carbohydrate administered in the preceding period, and that 
it was only the carbohydrate content of the diet which had any 
bearing on this variation, not fat, protein, or total calories. That 
tliis variation was not, or at any rate not alone, due to differences 
in the secreted amount of insulin on the different diets appeared 
from the fact that also the blood sugar curve after intravenous 
injection of insulin showed a distinct dependence on the carbo- 
hydrate content of the diet: the more carbohydrate in the diet the 
steeper was the fall of the insulin tolerance curve. Himswoeth 
called this phenomenon the insulin sensitivity. That a change must, 
however, also be supposed to take place in the insuhn secretion 
itself upon a change in diet appears from Haist, Eidout and 
Best’.s demonstration (1939) of a lower insuhn content in the 
pancreas after a diet poor in carbohydrates. 

The difference in the shape of the blood sugar curve upon 
glucose or insulin administration on diets with a different carbo- 
hydrate content must be determined either by a difference in the 
inflow of glucose from the Uver or by a difference in the “outflow”, 
that is to say in the peripheral emigration from blood to cells. 
SosKiN and SIiesky (1935 — 36), by experiments on e^^scerated 
animals, arrived at the conclusion that the difference must lie 
in a change in the output of glucose from the hver upon a change 
in diet. Himswoeth, on the other hand, is most inclined to 
regard this difference as the result of a variation in the peripheral 
combustion of sugar, basing this opinion on previous investiga- 
tions which have shown a reduced power of sugar combustion 
(absence of a rise in the EQ upon administration of carbohydrate) 
after a period of fasting (Dann and Chajibers, 1930). On a critical 
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perusal of the literature on this problem, however, (Johansson, 
1908; Com and Com, 1928; Hines, Boyd and Leese, 1929; 
Spencer and McCeellan, 1932; Chandeer and Chambers, 
1938; and especially Johnston, Sheedon and Newburg, 1939) 
one gains the impression that the “reduced rate of carbohydrate 
combustion” only occurs after fasting for some time or after a 
licavy and prolonged reduction in the carbohydrate of the diet: 
In case of a milder carbohydrate deficiency such a reduction does 
not seem to occur, despite the fact that the characteristics of the 
shape of the glucose tolerance curve which set in promptly after 
a change in the carbohydrate content of the diet (Adelsberger 
and Forges, 1926) are present. Hence, according to this, the 
degree of carbohydrate deficiency shoidd be of great significance. 
“A reduced rate of carboliydrate combustion” would be a result of 
extremely abnormal metabolic conditions. 

The possibility existed, however, that a slight reduction in 
the rate of carbohydrate combustion in mild degrees of carbo- 
hydrate deficienc)’’ could be compensated by the higher blood 
sugar values obtained by the administration of carbohydrate on 
such a diet. The emigration of glucose from blood to cells and 
therewith the glucose combustion is, as we know, dependent on 
1) the blood sugar concentration and 2) the insulin concentration 
(and possibly the insulin sensitivity). If with Hi.msworth we 
imagine that the primary change upon transition to a low carbo- 
hydrate diet is a reduction of the peripheral emigration of glu- 
cose from blood to cells, it might be possible that this would 
secondarily involve a “blood sugar stasis” (revealing itself in the 
raised glucose tolerance curves) which in mild cases would be 
sufficient to compensate the reduced rate of carbohydrate com- 
bustion. If such a seJf-rcguJalion takes place, it would manifest 
itself by the same rise in the BQ after administration of glucose 
on diets with a var^dng carbohydrate content. 

\^Tiile thus there are a good many investigations on the change 
in the KQ after administration of glucose on various forms of 
diets, such investigations on conditions after administration of 
insulin seem hardly to be found in the literature, though, as is 
well known, characteristic differences in the blood sugar curve 
can also be pointed out after administration of insulin on different 
diets. 

Of investigations on the effect of insulin on the BQ — mthoul 
talring account of the preceding diet — , there are, however, a 
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good many tliouglj, a.s already mentioned, not as many by far as 
might be ex])ccted. 

The first investigations, which were made on mice, guinea-pigs, 
raldnfs, and dogs, .sliowed various results: partly a rise partly 
a fall of the J?Q after administration of insulin (Dudley, Laid- 
i.AW, Tp.evak and Boock, 1P23; Dickson, Eame, JIacleod and 
PKAinER, Ittg-i). Later investigators have, however, most fre- 
cjuently been able to demonstrate a rise in the BQ (Garise, 1924; 
Krogh and Brandt Behrero, ]92y; Bootrby and Weiss, 1925; 
JfAWi.KV and MrRLiN, 1925 — 20: Bei.ss and Weiss, 192G). Experi- 
ments with human .‘uibjects Iiave been made by ICellaway and 
Hughes (1923); Lyaian, Nicholes and jMcCann (1023); Holten 
(1929); and Reiter (1933). All the.ce authors find a rise of the RQ 
after administration of insulin to human subjects. 

Information about, the relation between the magnitude of the 
rise in the RQ and the in.sulin dosage only appears in a few works. 
Garre found that small do.ses of in.sulin caused a .small and brie/ 
rise in the RQ. From the work of Ricls.s and Wei.ss it appears that 
Very large dose.s gave a .«mallor rise than .smaller dose.s. On human 
.subjects Holten found no relation between the depth of the fall 
of Mood .sugar and the height of the ri.se in the RQ. The relation 
hetween tlie blood .sugar curve and the coume and shape of the 
RQ curve lia.s not been given .s])ocial attention. Only Krooh and 
Brandt Rehrkhg state: “When the blood sugar is reduced to a 
very low level by the in.sulin, the cpintient appears to fall, but our 
observations arc not .sufficiently numcron.s to establish this as 
a fact.” 

The reality of the RQ values found ha.s been qne.stioned by 
authors who have demonstrated a .simultaneous fall in the CO^ 
content of the blood in the animals examined (Boothby and 
Welss, 1925: Lunde Svein.sson, 1941). In man this feature has 
not jireviou.s]}^ been investigated. In another paper (Lundr.ek, 
3914) it has been shown that in human subjects there docs not 
usually occur any blowing off of COj in the quiet phase of the 
insulin effect. 

Tccliniquej In.siilin Dosage, Diet, etc. 

In all experiments determinations of the ventilaton, Oj assimila- 
tion, CO, c.xcretion, alveolar COj ten.sion, and blood sugar have been 
made at regular intervals — - about every half hour — after adrainistra- 
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tion of insulin or glucose. In most cases the blood pressure has also 
been examined and the rectal temperature taken at similar intervals. 

Q^e respiratory functions were examined by means of one of the 
ordinary respiration apparatus of the open tj^je. The ventilation -was 
measured by means of a gas meter. The respiratory movements vere 
registered continuously. The alveolar CO 2 tension was determined on air 
samples taken refractorily according to the method of Lindhaed 
(1911). The air samples were analysed in a Haldane apparatus. The blood 
sugar was determined in double samples according to Hagedoen- 
Noeman Jensen. — The calculation of the values found in the respira- 
tion experiments was made in the usual way. The calorie production 
was calculated by means of Zunz and Schuaibueg’s tables for the 
nonprotein quotient without taking into account the small error 
thereby produced. 

The experiments were made on a fixed high or low carbohydrate 
diet. This diet, the fasting values of the RQ, the blood sugar, and the 
alveolar CO 2 tension are discussed elsewhere (LuNDBiEK 1944:). Here it 
need only be mentioned that the high carbohydrate diet contained an 
average of 512 g carbohydrate daily, the low ^et 135 g. 

Insulin dosage and amount of glucose. “Large” and “small” doses of 
insulin were given. By large doses are meant such as usually caused 
deep hypoglycemic coma in the patient in the course of 3—4 hours. 
These doses differ very much individually, ranging between 32 and 
544- int. units., as a rule, however, the dose was 100 — 200 units. By 
small doses are meant such as did not give rise to hjpoglycemic symp- 
toms in the patients. These doses varied from 8 to 32 units, most fre- 
quently they were 16 units. In all cases the insulin was given intra- 
muscularly. — After large doses of insulin the average fall in blood 
sugar half an hour after the injection was about 40 mg %, after small 
doses 20 mg %. 'There was a tendency to a Hmswoeth effect, but it 
has not been possible to demonstrate any sure statistic difference in the 
blood sugar curve on the two diets, presumably on account of the size 
of the doses and the intramuscular mode of administration. — In the 
glucose experiments 70 g glucose were given by mouth in all cases. 

The e.xperimcnts lasted 2 — 4 hours. After large doses of insulin it was 
often necessary to break off the experiment after a couple of hours 
as the respiration at that time grew very irregular and made it impos- 
sible to obtain a reliable EQ. After small doses and after administration 
of glucose the experiments always lasted 4 hours. 

The reality of the EQ. An absolutely steady state, as is desirable for 
EQ determinations, is rarely attained after administration of insulin 
or glucose. In the present insulin experiments a rise most frequently 
took place in the ventilation as well as in the alveolar CO 2 tension. The 
changes, however, were so small and smooth that there has har(By 
been any considerable falsification of the EQ. All experiments in which 
abrupt changes in the reverse direction in the ventilation and the alveo- 
lar COo tension occurred were cancelled. The frequently occurring reduc- 
tion in the sensitivity of the respiratory centre will, however, presum- 
ably in some slight degree tend to give too low EQ rises. — It must thus 
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be assumed tbat the KQ values stated were, thougb not as certain as 
can be achieved in experiments on trained subjects under absolute 
standwd conditions, at any rate sufficiently accurate to be used as 
a basis for^ tbe estimation of the changes in the carbohydrate meta' 
holism taking place after administration of insiilin and glucose (see 
also LtTXDB.i:K, 194i). 


Results. 

The General Coarse of the RQ, Curve after Large and Small 

Doses of Insulin, 

Kgs 1 — 2 show summation curves of the rise in RQ and the 
fall in blood sugar for all experiments after large and small doses 
of insulin, not taking into account the preceding diet. From these 
curves a rough idea can be gained of the usual or “typical” course 
of the RQ, curve. 

The characteristic feature of both curves is that a rise takes 
place in the RQ, that this rise is transitory, and that it is rejdaced 
by a fall to the initial value. 

After large doses the rise is liigh and steep and rapidly reaches 
its maximum. After small doses the rise is more gradual and the 
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30 60 90 120 ISO 180 Sw 2H0mtn. 

Fig. 2. Rise in RQ (RQ-nnits = O.Ol RQ) nnd fall in blood sugar (mg %) after 

small dose of insulin. 


BQ attains its maximum later. After large doses tlie fall is sudden, 
wlule it is quite smootli after small doses. The result is that after 
large doses the BQ curve shows a peak, while after small doses 
it exhibits a greater tendencj’ to form a maximal plateau. After 
small doses the whole process seems to be more protracted, the 
BQ reaching the initial value later than after large doses. Finally, 
it is seen that the BQ maximum on both curves approximately 
coincides with the point on the blood sugar curve where the latter 
begins’ to be flattened. 

Below, the results will be stated of a closer statistic analj’Bis of 
the particulars of the BQ curve, just as the problem of diet and 
the relation between the BQ curA^e and the blood sugar curve will 
be discussed in detail. 

The Height of the Kise in the BQ. 

In a statistic calculation of the indi\ndual results of the EQ 
determinations the aA’^erage maximal rises in the BQ were calcula- 
ted as well as the mean error of these averages on the two diets 
after large and small doses. (In the calculation "BQ umts” — 
= 0.01 BQ have been used.) After large doses a rise of 
1.64 Avas seen on diets rich in carbohydrates, and a rise of 
9.46 0.71 on diets poor in carbohydrates. After small doses 
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there ^vas a rise of 5.23 4; 0.6G on a Jiigh carbohydrate diet, and 
of 6.94 i 0.40 on a low carbohydrate diet. There is a significant 
difference in the effect of large and small doses on both diets, but 
no certain difference in the influence of the two forms of diets 
either after large or after small doses. 

Tlie Time of the EQ, Meximum. 

By a similar treatment of the time — i. e. number of minutes 
after the injection — when the EQ maximum sets in (with a 
maximal plateau the central point of this has been taken) we 
arrive at the following results: The EQ, maximum was attained 
after large insulin doses on a high carbohydrate diet after 76. 2 ^ 
±7.7 minutes, on a low carbohydrate diet after 68.5 ± 6.4 
minutes. After small doses the maximum was found on a high 
carbohydrate diet after 128.1 ± 17. G minutes, on a low carbo- 
hydrate diet after 117.3 ± 4.4 minutes. — There is a significant 
difference in the effect of large and small doses on both diets, 
while here too the diets liave not had any certain influence on the 
result in the two dosage groups. 

The EQ. Curve and the Blood Sugar Curve. 

From the summation curves (figs. 1 — 2) we gain the impression 
that the EQ maximum after large as well as after small doses 
occurs simultaneously with incipient flattening of the blood 
sugar curve. If this is the case, the EQ rising with falling blood 
sugar and falling again when the blood sugar becomes constant 
at some level or other, we might expect to find in the individual 
experiments cither an approximate coincidence of the time when 
the EQ, begins to fall and a point on the blood sugar curve where 
the latter passes from steepness into a more or less marked pla- 
teau, or no fall in the EQ curve with unchanged steepness of the 
blood sugar curve. 

On reviewing the individual experiments the following result is 
obtained. The above-mentioned coincidence (or absence of fall in 
the EQ) can be demonstrated in 18 out of 32 experiments after 
large doses of insulin. 7 experiments were uncertain on account 
of small irregularities in respiration, too few blood sugar samples, 
or the like. 7 experiments do not show this coincidence. After small 
doses the relation is more difficult to estimate but a coincidence 
like the above-described would seem to occur in 13 out of 16 experi- 
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ments. In 3 cxporiincnls it was not found. — Hence, taking all 
tlio experiments togctlicr it is seen that the coincidence looked 
for can be demonstrated in 31 out of 48 experiments. 7 experi- 
ments gave no sure result. 10 experiments did not show the coin- 
cidence in question. 

Hence the result of this survey is not unambiguous. Since, how- 
ever, it is only in onc-fift.h of the cases that it has not been pos- 
sible to demonstrate the coincidence in question, it must be justi- 
fiable to conclude that there is presumably a reality behind the 
oft-demonstrated coincidence between the time when the RQ 
fall sets in and the time when the blood sugar curve decreases in 
steepness and passes into a more or less pronounced plateau. If 
this is the general rule the relation may also be expressed thus: 
While the blood sugar curve falls the ItQ rises. Wlien the blood 
sugar adjusts itself to a new low level the PwQ falls back towards 
the initial value. 'J’his means, then, that the changes in the RQ, 
are dependent on changes in the blood sugar, not on the blood sugar 
level itself. That the latter is not the case, that the fall in the RQ 
is not due to the low blood sugar level, ajjpears plainly from a 
consideration of the blood sugar level at the time when the RQ 
begins to fall. It is soon in the individual cases that this can take 
place at a blood sugar level of between 10 and 80 mg %. Con- 
versely, in some experiments no fall in the RQ is seen, even 
though the blood sugar in the.se has fallen to values between 30 
and 50 mg %. That the fall in the RQ should be due to cc.^sation 
or reduction of the insulin effect is very improbable as far ns the 
large do.ses are concerned, since the blood sugar is still at a low 
level, and h}qjoglycemic symptoms arc developing. .-Vfter the 
small doses it is true that in some cases a rise in the blood sugar 
curve would seem to indicate a decreasing insulin effect, but in 
many other cases no rise in the blood sugar is seen when the RQ 
begins to fall. 

In spite of the lack of uniformity in the results it thus seems 
not unreasonable in general to explain the fall in the RQ by a 
reduction or cessation in the fall of the blood sugar. 

“Excess Amount of Glucose Consumed Minus Lost Glucose”. 

In the indi\ddual experiments the extra amount of glucose 
consumed has been calculated from the RQ curves, the Oj con- 
sumption at the different points of time and the percentage share 
in the total metabolism constituted by the carbohydrate com- 
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bustion at eacli single KQ value according to Carpenter’s tables 
(1939). The lost glucose has been calculated from the total fall 
in blood sugar in the individual experiments, starting from a 
distribution of the glucose over an amount of fluid corresponding 
to 30 % of the body veight. Tliis distribution cannot be accurately 
determined. but must be supposed to be of an order of magnitude 
of 30 % as the muscle cells are known^not to contain glucose 
(Lundsgaard, 1939). 

By a statistic calculation of the averages for the “excess amount 
of glucose consumed minus the lost glucose” and the mean error 
of these averages ve get the following results: After large doses 
on a high carbohydrate diet: — 4.52 ± 1.32 g. After large doses 
on a diet poor in carbohydrates; — 5. 0 8 0. 95 g. After small doses 
on a diet rich in carbohydrates: — 2.G3 ± 1.76 g. After small 
doses on a low carbohydrate diet: +0.93 + 0.85 g. 

It appears from the calculations that after large doses of insulin 
both on high and on low carbohydrate diets 4 — 5 g glucose not 
seen to have been consumed seems to have disappeared from the 
blood. After small doses on a high carbohydrate diet this deficit 
was smaller, while on a low carbohydrate diet there was no 
certain deficit. 


Glucose Experiments. 

Since, as pre\dously mentioned, most of the earher investiga- 
tions on the influence of the diet on the carbohydrate metabo- 
lism have been carried out with glucose tolerance determinations 
we have here made a shorter series of experiments with administra- 
tion of 70 g glucose by mouth. The technique was in other respects 
the same as in the insulin experiments. The experiments lasted 
for 4 hours with determination of the KQ, blood sugar, etc. every 
half hour. 

Experiments were made with two subjects. These showed 
different responses to a change in diet. One of them exhibited a 
very considerable rise in the glucose tolerance curve upon transi- 
tion to a low carbohydrate diet, the other only a very small rise. 
Tliis corresponds to earlier experiences since it is well known that 
the degree of variation at a change of diet differs individually. 
By determining the excess amount of glucose consumed in 4 
hours (according to the above-described principles) and correlating 
these values with the maximal rises in blood sugar, the result 
shown in fig. 3 was obtained. 
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It ap])onrs witli all clarity that the excess combustion is the 
greater the higher the glucose tolerance curve is, just as the 
difference between the two subjects (o) and (d-) is seen. — The 
same result is obtained in a detailed statistic calculation of the 
individual experimental restilts. 



Excess amount of glucose (g) oxydi^ed during 4 hours. 


Fig. 3. Corrclntion between maximal rise in blood .■sugar nncl excess amount of 
gluco-so consumed in the glucose c.xpcrimcnts. 


Discussion. 

Tlie irresent insulin experiments give an impression of the 
course taken by the change occurring in the carbohydrate meta- 
bolism upon administration of insulin. The whole process seems 
to last 3 — 1 hours and consists in a rise followed b}'- a fall in the 
relative share of the carbohydrates in the total metabolism. 

With respect to the relation between the insulin dosage and 
the rise in the KQ it has 7iot been possible to confirm Gabbe’s, 
llEiss and Weiss's, and Holten’s above-mentioned results, 
direct proportionality haAnng been demonstrated between the 
size of the dose and the height of the rise in the RQ, while the 
rise in the RQ has been rather more protracted after small doses 
than after large doses. 

The correlation between the blood sugar curve and the RQ 
curve likewise becomes evident from the experiments. It turns 
out that the RQ rises while the blood sugar falls, '\\nien this fall 
ceases, the RQ generally falls again to the initial value. This 
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means, tlien, tliat the metabolic changes produced by the insulin 
are secondary to the fall in blood sugar. 'When the fall in the blood 
sugar ceases, the combustion of carbohydrates returns to the 
initial level, even though the insulin effect in itself is stiU maximal, 
as -will appear from the persistence of the low blood sugar level 
and, after large doses, from the occurrence of severe hypoglycemic 
smnptoms and coma which, if not interrupted by intervention 
from without, may lead to death. 

The calculation of “excess amount of glucose consumed minus 
lost glucose” has shown that after large doses and after small 
doses on a liigh carbohydrate diet a not inconsiderable amount 
of glucose not seen to have been oxydiaed disappears from the 
blood. This deficit must either be due to a deposition of glucose 
as glycogen in the muscles or to a lowered glucose output from the 
liver. — A considerable deposition in the muscles after administra- 
tion of insulin only seems to take place with a simultaneous 
administration of large amomits of glucose (Best, Dale, Hoet 
and Marks, 192G; Barbour, Chaikof):', Macleod and Orr, 
1927). Such a deposition, therefore, can hardly be re.sponsible for 
the entire deficit found here. 

AVhether insulin has any effect on the liver and in what, if any, 
it consists has been subject to numerous investigations and much 
discussion, but it cannot be said that any conclusive result has 
been arrived at. Upon investigation of intact animals it is true that 
a fall in the liver glycogen has most frequently been found after 
administration of insulin (Cori, 1925; CoRiaLL, 1930; Bodo and 
Neuwirth, 1931; BLt.ger and Kohl, 1935), but the objection 
has rightly been raised against these experiments that the observed 
loss of glycogen has probably been caused by a restorative 
adrenalin secretion (Corkill, 1930). By using very small insulin 
doses wiiich did not give rise to h}q)oglycemic symptoms Fr.ank, 
Nothilann and Hartmann (1928) obtained a rise in the liver 
glycogen on rabbits. Perfusion experiments with isolated liver 
have especially been carried out by Lundsgaard and his pupils 
(Nielsen, 1932; Lundsg.aard, Nielsen and 0rskov, 1936, 
1939). In spite of very variable experimental conditions it has 
never been possible to demonstrate any direct effect of insulin on 
the glucose output of the perfused liver. — • Altogether, however, 
after a survey of the literature it seems not improbable that insu- 
lin in some way or other indirectly causes a reduced glucose out- 
put from the normal liver, as it is Icnown to be the case also with 
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tlie diabetic liver. How this happens cannot be settled for the 
present, especially becanse our Imowledge of fat metabolism is 
so scanty. Actually we do not know whether the peripheral fat 
combustion consists in a combustion of fatty acids, ketones, or 
glucose formed by fat. If the latter is entirely or partly the case, 
a reduced glucose output might .simply mean that the part of the 
glucose output from the liver which “belongs to” the fat meta- 
bolism is reduced when the carbohydrate metabolism rises after 
administration of insulin. For, with the insulin effect, where the 
total metabolism is practically unaltered and the protein meta- 
bolism hardly changes, it is merely a question of a relative shifting 
of the share of the carbohydrates and the fat in the combustion. 
(It must here be noted that the doubt expressed in various quar- 
ters (inter alia by Soskin, 1911) as to the suitability of the total 
HQ for the estimation of the combustion processes is only justified 
in cases where there is a conversion, e. g. of fat to sugar, and where 
this sugar is not at once consumed but deposited in the form of 
carbohydrates. But in the circumstances here under consideration 
which liardlv differ from “normal” there is no reason to assume 
anything of the kind.) 

It will therefore be reasonable to ascribe at any rate part of 
the discrepancy found between the excess amount of glucose 
consumed and the lost glucose to an inhibition of the glucose 
output of the liver. This inhibition, ns was to be expected, proves 
greater after large than after .small doses of insulin. 

With respect to the significance of the diet the facts are most 
clearly revealed in the glucose experiments. It was shown by these 
that there could be no question of any reduced peripheral oxida- 
tion on a low carbohydrate diet (IIimswortu, 1939), not even 
with the previously discussed self-regulation, since the excess 
combustion proved to be greater the higher the glucose tolerance 
curve is. AVc are therefore compelled to assume with Soskin 
and ]\IiHSKY (1935 — 3G) that the difference in the blood sugar 
curves is due to a liver effect, whether we would cx|)rcss tliis in 
terms of a reduction in the inhibitory effect of the endogenous 
insulin on the glycogenolysis caused by the low carbohydrate 
diet, or — if we assume that fat is partly or wholly converted into 
glucose before it is consumed — simply in terms of the predomi- 
nant fat metabolism in the liver on low carbohydrate diets, owing 
to which a great deal of the. glucose output is in reality a break- 
down product of fat. 
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The insulin experiments are of less importance for the problem 
of diet, inter alia because, as already mentioned, no certain 
statistic difference has been obtained in the blood sugar curve 
on the two diets. — After large doses of insulin no difference was 
seen in the deficit in the two diets. After small doses there was no 
deficit on the diet poor in carbohydrates. Even though the diffe- 
rence between the deficits on diets poor and rich in carbohydrates 
is merely on the verge of statistic significance it will still be natural 
to explain the absence of a deficit on the low carbohydrate diet 
just as in the glucose exjjcriments by a reduction of the inhibitory 
effect of the insulin on the glucose output from the liver, in what- 
ever way this inhibition is supposed to be brought about. 

Summary. 

A series of investigations has been made on the respiratory 
quotient after administration of large and small doses of insulin 
and after administration of glucose on diets rich and poor in 
carbohydrates. 

The RQ curve after administration of insulin is diphasic. During 
the fall in the blood sugar the RQ rises, when the fall in blood 
sugar ceases the RQ as a rule goes back to the initial value. It 
would seem, therefore, that the changes in the RQ should be 
viewed in relation to the blood sugar fall itself. 

The rise in the RQ was greater after large than after small 
doses of insulin. The maximum RQ is attained more rapidly after 
larce than after small doses. These two factors are unaffected bv 
the carbohydrate content of the diet. 

In the glucose experiments it is shown that the excess combus- 
tion of sugar after administration of glucose is greater the higher 
is the glucose tolerance curve. It appears from tliis that a slight 
reduction of the carbohydrate content of the diet does not reduce 
the rate of combustion of carbohydrate. The characteristic high 
and long glucose tolerance curve on a diet poor in carbohydrates 
must therefore be due to a liver effect. 

In the calculation of “excess amount of glucose consmned 
minus lost glucose” in the insulin experiments it is seen that a 
not inconsiderable amount of glucose not seen to be oxydized 
disappears from the blood. The significance of this discrepancy 
is discussed and the conclusion is drawn that it must at any rate 
in part be supposed to be due to a reduced output of glucose 
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from tlie liver during the insulin effect, even though it is not 
at present possible to account in detail for the mechanism of this 
process. 
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It is well known that as a rule, in animal experiments as wel 
as experiments on human subjects, a rise in the ventilation wiU 
occur following administration of insulin (Dickson, Eadie, 
Macleod and Pember, 1924; Kellaway and Hughes, 1923; 
Holten, 1929). The alveolar CO. tension does not appear to 
have been subjected to systematic investigation during insulin 
action on man, but determinations of the COj content of the 
blood in animals would seem to indicate that a reduction of this 
often occurs after administration of insulin (Boothby and Weiss, 
1925; CmuiBERS, Deuel and Milborat, 1927). Direct deter- 
minations of the sensitivity of the respiratory centre by means 
of COj respiration do not seem to be available in the literature. 

In the sequel we shall give an account of a series of investiga- 
tions in which the ventilation and the alveolar CO- tension were 
determined after administration of large and small doses of in- 
sulin to patients undergoing insulin shock treatment, and it 
will be shown how on taking these two factors together an idea 
can be formed of possible changes in the sensitivity of the re- 
spiratory centre. The technique in these experiments, the do- 
sage, diet of the subjects, etc. have been described elsewhere 
(LuNDB.a:K, 1944). We shall here merely recall the following 
facts: The alveolar CO- tension was determined in refractory 
periods according to Lindharu (1911). All determinations were 
made in the quiet phase of the insulin action before any hypo- 
glycemic restlessness, spasticity, comnilsions etc. had set in. The 
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experiments lasted for 2 — i hours -with, determinations every 
half hour. After large doses of insulin extremely Ioiy blood sugar 
values were obtained. 


Yentilation. 

The maximal rise in ventilation was determined in 38 experi- 
ments on 12 subjects. On a high carbohydrate diet there was 
an average rise of 1.35 0.23 1 per min., on a low carbohydrate 

diet 1.09 ±0.23 1 per min. In 17 experiments with small doses 
of insulin a rise in ventilation was seen which averaged 0.32 ± 
0.07 1 per min. on a high carbohydrate diet, 0.57 ±0.09 on a 
low carbohydrate diet. 


Alveolar COo Tension. 

The maximal change in the alveolar CO 2 tension was deter- 
mined in 34 experiment on 12 subjects following large doses 
of insulin. On the high carbohydrate diet there was an average 
rise of 1.89 ± 0.30 mm, on the low carbohydrate diet the rise 
averaged 2.08 ± 0.65 mm. In 17 experiments on 7 subjects 
following small doses of insulin the rise was 1.45 ±0.30 on a 
high carbohydrate diet, 2.15 ± 0.70 on a low carbohydrate diet. 
There is no statistically significant difference between these 4 
mean values. 


The Sensitivity of the Eespiratory Centre. 

Prom the preceding part it will be seen that in general there 
is a rise in the ventilation as well as in the alveolar COo tension 
following administration of insulin. If the sensitivity of the re- 
spiratory centre is unchanged a rise in the alveolar CO 2 tension 
should involve a certain rise in the ventilation. The magnitude 
of this rise cannot be stated with accuracy. It is generally re- 
ported that with a rise in the alveolar CO 2 tension of 3 mm, the 
ventilation rate per minute is redoubled. The relation between 
the ventilation and the alveolar CO 2 tension, however, differs 
individually. 

It appears from Maeius Nielsen’s investigations (1936) that 
in the subjects exaroined by him there was a correlation between 
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these t^yo factors varying from 0.24 to 0.71 mm alveolar tension 
per 1 rise in the ventilation. Pre\nous experimental results on 
less coj)ious material showed a sensitivity corresponding partly 
to the highest (Campbell, Douglas and Hobson, 1914; Lilje- 
STRAND, 1918), partly to the lowest (Lindhard, 1911) of the 
values observed by Marius Nielsen. In the present work this 
relation has not been examined for the indi\adual subjects with 
COo respiration. Nevertheless it will be possible to form an esti- 
mate as to whether any great changes have taken place in the 
sensitivity of the respiratory centre. 

With the material at hand this has been attempted in the 
following way. On the basis of Marius Nielsen’s results such 
wide limits were chosen as might reasonably be supposed to 
occur in the normal relation between ventilation and alveolar 
COs tension. It was assumed, then, that a rise in the ventilation 
of 1 litre might correspond to a rise in the alveolar CO. tension 
of from 0.2 to 1.0 mm. In diagrams of the ventilation and al- 
veolar CO. tension from the indix-idual experiments are marked 
sueh values of the alveolar CO. tension as would correspond to 
the extreme values given for a rise in the alveolar COj tension 
per 1 of the rise in the ventilation. In this way we get a field 
of varying width within which the values observed of the alve- 
olar CO. tension must be supposed to lie, if no change occurred 
in the senEiti^’ity of the respiratory centre. If the values lie clear- 
ly outside this field, a change in the sensitivity of the centre 
must probably have occurred. 

An example of this procedure is shown in fig. 1. 

On surveying such a graphic representation of the individual 
experiments on 11 subjects the follo^ving results will emerge. 

In the 14 experiments made on them 4 subjects showed di- 
stinct lowering of the sensiti\dty of the respiration centre. In 23 
experiments 4 others as a rule but not always showed such a 
lowering. 1 person exhibited varjdng conditions, another as a 
rule a tendency to an increase in sensitivity. Only one subject 
showed a distinct uniform increase in the sensitivity of the re- 
spiration centre in 2 experiments. 

Thus even though these results do not give a quite unambi- 
guous picture the conclusion would seem to be warranted that 
insulin in general has a tendency to lower the sensitivity of the 
respiratory centre. In some cases it seems, however, that the 
sensitivity may increase. This corresponds very well to the ge- 
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Example of graphic estimatioE of changes in the Bensiti\dty of the respiratory- 

centre. 


neral impression gained of the psychic response to the admi- 
nistration of insulin; in most subjects insuUn at first produces 
an increasing dullness and somnolence, but in a few there are 
at once signs of psychic hyperirritability. 

On considering the relation between large and small doses 
it appears that the reduction in sensitivity did not occur more 
frequently with large doses than with small doses. The degree 
of reduction also is not conclusively greater with big doses. This 
agrees with the fact that dullness and slight clouding of con- 
sciousness is one of the first signs of hypoglycemia and so al- 
ready is present with slight degrees of insulin action. The pre- 
ceding diet does not seem to be of any significance for the change 
in the sensitivity of the respiratory centre. 

In the above it was taken for granted that a rise in the alveolar 
CO2 tension which exceeded what would correspond to the change 
in the ventilation must be due to a primary accumulation of 
COs owing to a reduction in the sensitivity of the respiratory 
centre. There is, however, also the possibility that the Increase 
is secondary in relation to a rise in the alkali reserve (‘'compen- 
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sated alkali excess”). Of tlie factors that might possibly cause a 
primary rise in the alkali reserve must especially be mentioned 
the increase of the secretion in the stomach, and the fall in ke- 
tones and phosphates in the blood. The two latter factors are, 
however, of so small an order of magnitude that they will hardly 
be significant. For the elucidation of the question as to the sig- 
nificance of the secretion in the stomach folloudng administra- 
tion of large doses of insulin, the alkali reserve was examined in 
2 patients, one with a normal secretion of acid, the other with a 
complete histamin and insulin refractory achylia. Two exami- 
nations of each patient brought to light the following facts. 

Table 1. 


Alveolar CO^ iension and alkali reserve in a normal and 
an achylic subject. 



Air. CO, 
tension 
(mm Hg) 

CO, vol% 
(after 
saturation 
at 40 mm) 

H. S. (normal) . . 

before 

41.0 

i 

CG.l 

00 min. p. inj. 

43.8 

C7.S 


before 

38.C 

62.2 


00 rain. p. inj. 

43.5 

63.2 

E. G. (achylic) . . 

before 

34.3 

58.3 i 

00 rain, p. inj. 

30.S 

59.3 


240 rain. p. inj. 

38.3 

60.1 


before 

30.5 

63.7 1 


00 min. p. inj. 

40.7 

CS.2 j 


It appears from this that in both cases there is an increase in 
the alkali reserve during insulin action. There is therefore no 
reason to assume that the observed rise in the alveolar CO. ten- 
sion is secondary to an increase in the alkali reserve conditioned 
by a “loss of acid” to the stomach. It must be supposed that 
we have here a primary accumulation of COs with a secondary 
reparatory rise of the alkali reserve, that is to say, a reduction 
in the sensitivity of the respiration centre similar to that seen 
after administration of morphia (Lindhard, 1911; Higgixs and 

Means, 1915). . , • 

The cause of the difference in the results from animal experi- 
ments must be partly found in the fact that the determinations 
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of tlie COo tension of the blood in the animal experiments were 
presumably made at so late a stage of the insulin action that 
there was greater muscular restlessness, partly possibly in the 
difference in the response of the various species of animals. Not- 
ably it must be pointed out that dogs very quickly seem to show 
‘ ‘h}q)erirritability ’ ’ . 

In connection with another examination (LuNnn^K, 1944) it may 
be mentioned that a change in the sensitivity of the respiration centre 
will of course be able to cause a falsification of the BQ. However, the 
changes observed were as a rule gradual and the respiration before 
and after the individual experimental period was so uniform that this 
■\vill probably not give rise to any great errors. The very fact that the 
sensitivity of the respiration centre is changed will not cause any 
falsification of the BQ. The error, if any, due to this fact will with 
the most frequently occurring change, a reduction of the sensitivity, 
tend to give too low values for the BQ, so that too low an estimate 
will be made of the rise in the latter. 


Summary. 

Following the administration of insulin in experiments on 
animals and human subjects a rise has most frequently been 
found in the ventilation. In animal experiments and in some 
few on human subjects a reduction was found in the COa content 
of the blood. 

Determinations of the sensitivity of the respiratory centre 
during insulin action do not seem to be available. 

The results are reported of a series of investigations on the 
alveolar COj tension in man following administration of large 
and small doses of insulin on a high and on a low carbohydrate 
diet. The average rise in the ventilation in these experiments 
was 1.09 — ^1.35 1 per min. after large doses, 0.57 — 0.32 1 per min. 
after small doses. At the same time the alveolar COs tension rose 
on the average 1.45 — ^2.15 mm, the rise being the same after 
large and small doses. 

By a graphic representation of the ventilation and the alveolar 
CO 2 tension and on the basis of previous investigations by hlA- 
Rius Nielsen it can be shown that in nearly all cases there is a 
reduction in the sensitivity of the respiratory centre after small 
as well as after large doses of insulin. The preceding diet is of 
no significance for this change in sensitivity. 
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In a preA-ious paper (Lundb^ek, 1944) it ^vas shown that very 
often, after the administration of insulin, a change occurs in 
the alveolar COj tension, as a rule manifesting itself as a greater 
rise in the latter than would correspond to the rise in the venti- 
lation. It is probable that we are here concerned with a primary 
CO. excess caused by a lowering of the sensitmty of the respi- 
ratory centre. 

This finding, however, raises another problem. Does the change 
in the CO. content of the alveolar air, which is identical with 
that of the blood, cause a change in the acid-base balance of the 
blood? 

*A rise in the CO. content of the blood will automatically in- 
volve a rise in the alkali reserve (chloride shift). This will tend 
to prevent more considerable changes in the hydrogen ion con- 
centration. Excretion of a more acid urine will act in the same 
direction, but this mode of regulation will of course function 
more slowl}-. 

In the aforementioned paper it has already been shown that 
simultaneously with the rise in the alveolar CO. tension, a rise 
in the alkali reserve may be noted. "l^Tiether this is sufficient 
to maintain the pH of the blood or this cannot be fully main- 
tained, may be settled either by determination of the total and 
free COj content under the actual C 02 tension and calculation 
by Henderson-Hasselbalch’s equation, or by direct measurement 
of the pH of the blood. 
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Ill tlie series of investigations here recorded a direct determination 
of the pH by means of glass electrodes was chosen. The technique was 
briefly as follows; the blood is placed under paraffin in a semiglobular 
vessel. The measuring electrode is immersed in this. The vessel is 
connected to one of the usual calomel reference electrodes. The meas- 
uring is done with a tube potentiometer. Double pH determinations 
were made on venous blood at the shortest possible intervals before 
and at various times after administration of large doses of insulin. 

The literature only contains a few investigations on the pH 
of the blood after administration of large doses of insulin. Day 
and Niver (1937) stated that they found a considerable alkalosis 
after administration of insulin. “Insulin is the best alkalizing 
agent available”. Gellhorn, Ingraham arid Moldawsky (1938) 
obser\dng dogs after large doses of insulin found no change in 
the pH in 6 out of 8 experiments. In one a fall, in another a rise 
in the pH was observed. Motor unrest, ventilation etc. are not 
mentioned. Beiglbock and Dussik (1938) almost always find 
“eine Alkalose, .... wie man sie unseres Wissens sonst nicht 
zu erzeugen in der Lage ist. Es handelt sich hier also um einen 
betrachthchen Eingriff in das sonst so ziih festgehaltene Gleich- 
gewicht der H-Ionenconcentration.” This contention is, how- 
ever, not documented by figures or more detailed statements of 
the experimental results. It is merely mentioned that the alka- 
losis may perhaps be due to a blowing off of COj. In spite of this 
it has often been cited. In Thomas and Wilson’s widely circu- 
lated report to the Board of Control (1938) in which the physio- 
logical basis of the insulin shock treatment is surveyed, this 
finding is mentioned thus: “Alkalosis, a shift of pH to the alka- 
line side, is one of the best known changes in hypoglycemia”, 
and it is offered as a possible explanation of the curing of psy- 
chotic patients that this alkalosis should in some way or other 
be able to influence favourably some abnormality in the neutral- 
ity regulation of these patients. 

Amongst other things because these much quoted investiga- 
tions were performed by direct determination of the pH of the 
blood, it was decided to employ a similar method in the series 
of investigations here reported. 

Kesults. 

In all experiments pH was determined before and 70 — 80 
minutes after administration of large coma-inducing doses of in- 
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sulin, and furtlier in most cases at a later period, 2 — i hours after 
the injection. At that time the patients were often in coma or 
precoma. 


The fasting values ranged from 7.31 to 7.45. The average of 
23 determinations on 6 persons was 7.39. — This corresponds 
exactly to the result of previous investigations. Examining 196 
normal subject Eldahl (1939) found pH to be 7.29 — 7.47, aver- 
aging 7.39. In 35 determinations on 8 persons Faurbye (1942) 
found — also with a glass electrode — pH values from 7.30 to 
7.49, averaging 7.42. 


In order to determine the significance of an observed change in pH 
the standard deviation in the double determinations was calculated. 


I 


/dr -f 


d„2 


2 n 


It was found to be equivalent to 1.9 2 

hundredths pH units. The estimation of the mean error in a mean 
s 

value Y= is then 1.3G hundredths, and the estimated mean error in 


the difference between the two mean values is sVVa 4-Vi~s- Since 
t for 56 observations is 2.oo, a difference between two mean values 
may be said to be significant when it e.xceeds 1.92 x 2.oo, which 
means, practicalh*, when it equals or exceeds 4 hundredths pH units. 


In the present investigation the changes in pH have on the 
whole been insignificant. In 13 out of the 23 experiments pH 
did not change appreciably after the administration of insulin. 
In 6 experiments a small fall was seen. In two short experiments 
it amounted to 0.05 pH units, in one long experiment to 0.06 
pH units in all. 

In 3 experiments a transient fall in the pH amounting to 0.05, 
0.04, and 0.05 pH units respectively, was observed about 70 
minutes after the injection. In one experiment, a rise of 0.07 
was seen in the pH 75 minutes after the injection. • — Hence in 
these 20 experiments no changes were seen in 13 cases, and 
changes just appreciable "svith the method employed in 7 cases. 
In 3 cases, however, greater changes in the pH were observed. 
In two of them a fall was seen, in both cases in the last period, 
amounting to 0.13 and 0.11 pH units respectively. In both cases 
marked .spastic unrest of the muscles was noted corresponding 
to these periods, wherefore the fall in pH must no doubt be 
ascribed to a rise in the lactic acid of the blood. — In one case 
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tliere was a considerable difference in the results of the double 
determinations in the last period. This might be due to an ex- 
perimental error, but since there was greatly varying respira- 
tion in this period, with alternating hyper- and hj’^po-ventilation, 
it seems most probable that the first double determination, 
which shows a rise of pH amounting to 0,10, was taken during 
a hyperventilation period. 


Summary. 

An investigation (with glass electrodes) on the effect of large 
doses of insulin on the pH of the blood shows that quiet insulin 
action causes no change, or rarely unsignificant changes, in the 
pH of the blood. With great muscle unrest or h}q»erventilation 
there may, as in subjects not affected by insulin, occur a fall or 
a rise in the pH. The results obtained decidedly militate against 
Beiglbock’s contention that there is a regular occurrence of 
extreme alkalosis after administration of insulin. The most rea- 
sonable explanation of his results is that in his experiments 
there must have been a massive hyperventilation. 
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During a series of experiments on the respiratory metabolism 
etc. after the administration of insulin and glucose (Lunub^k, 
1944) a number of subjects trere kept for some time on a high or 
a loTT carbohydrate diet. We shall here give an account of the 
material, collected on that occasion, of the values of blood sugar, 
RQ, and alveolar CO, tension during fasting on a high and a low 
carbohydrate diet. (For technique etc., see abovementioned paper.) 

The diet was composed by the Hygienic Institute of the Univer- 
sity of Copenhagen. It was supplied in weighed portions and the 
leavings were weighed. The carbohydrate content in the amount 
of food taken could thus be exactly calculated. The high carbo- 
hydrate diet (CH-f) contained on the average 512 g daily, the 
low carbohydrate diet (CH — on the average 135 g daily. That 
these diets were not extreme appears from the fact that there was 
only rarely a trace of acetone in the urine, never acetic acid. 

The diet employed was given for a period of at least three days 
prior to each experiment. The length of this preceding period 
was chosen in such a way that the effect of the diet on the blood 
sugar curve after administration of glucose and insulin must be 
supposed to have attained its maximal level. Adelsberger and 
Forges (1926) found a characteristic change in the glucose toler- 
ance curve already the next day after a day with a low carbo- 
hydrate diet. Chasibers (1938) states that the maximal effect of 
a diet on the glucose tolerance curve is attained in the course of 
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2 — i days, wliereafter it keeps constant for a long time. In these 
investigations, therefore, 3 days were deemed suitable for the 
adjustment of a new level of the carbohydrate metabolism. The 
different intake of carbohydrates on the two diets manifested 
itself characteristically in the fasting values of the RQ and the 
alveolar COo tension. 

Table 1. 


Intake of carholiydraie and fasting values of blood sugar, BQ, and 

alveolar COn tension. 



g. enrboh. 
daily 

fasting 
bl. sug. 

fasting RQ 

fasting alveol. 
CO, tension 
mm. 


CH+ 

CH— 

CH-b 

CH— 

CH-f 

CH— 

CH-f 

CH— 

p. p 

C40 

143 

94 


0.92 

0.7 G 

44.9 


H. S 

6C0 

188 

81 

90 

0.89 

0.77 

39.8 

38.5 

E. G 

378 

98 

89 

85 

0.84 

0.78 

37.9 

35.1 

H. J. 

SCO 

240 

83 

85 

0.90 

0.72 

43.7 

37.7 

Ag. J 

435 

75 

75 

74 

0.84 

0.75 

42.2 

40.3 

I. TV 

440 

98 

85 

80 

0.87 

0.79 

42.G 

39.1 

M. ]M 

440 

— 

85 

— 

0.80 

— 

38.9 

— 

J. P 

586 

136 

91 

91 

0.82 

0.74 

40.4 

36.7 

E. K 

665 

191 

102 

97 

0.81 

0.75 

37.2 

34.9 

G. P 

318 

— 

07 

— 

0.77 

— 

45.7 

— 

J. A 

G30 

70 

93 

93 

0.78 

0.7C 

45.9 

43.7 

C. C 

674 

120 

95 

92 

O.90 

0.75 

45. G 

44.7 

An. J. 

438 

118 

88 

91 

O.SO 

0.74 

42.5 

41.3 


Table 1 shows the average fasting values of blood sugar, RQ, 
and alveolar CO 2 tension from the various experiments for each 
subject separately. It further gives the average intake of carbo- 
hydrate per diem for three days preceding each e3q)eriment. 
Hence the indi^ddual figures represent average values of several, 
3' — i, determinations on different days. 

The fasting blood sugar does not seem to be affected by the diet. 
This agrees with previous experiences (hlAGXUS-LEvr, 1925), 
but curiously enough it does not seem to have been systematically 
investigated before. The total average values are 89 mg % on 
carbohydrate rich, 88 mg % on carbohydrate poor diet. 

For the fasting RQ values, on the other hand, a distinct difference 
is seen on the two diets. On carbohydrate rich diet the average 
value RQ attained is 0.848, on carbohydrate poor diet 0.755. 

In fig. 1 the average RQ values for each subject are given as a 
function of the amount of carbohydrate consumed for three days 
preceding each experiment. Though the deviation is considerable 
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Belation between the carbohydrate content of the diet and the fasting BQ. 
(4- = carbohydrate rich diet; O == carbohydrate poor diet; [+] == average 

value of the two diets.) 


a distinct correlation is seen between the carbohydrate taken 
and the fasting EQ, 

The result obtained agrees well with those of earlier investiga- 
tors. Benedict and Higgins (1912) determined the RQ after diets 
with different content of carbohydrate. If the average RQ on the 
3rd and 4th days after the transition to the new diet is calculated 
from their results, it turns out that the RQ on a diet containing 
600 g carbohydrate is 0.86, with 400 g carbohydrate it is 0.83, 
with 200 g carbohydrate 0.79; while with 100 g carbohydrate it 
is 0.75, and with 0 g carbohydrate 0.72. These results only devdate 
slightly from the line drawn in fig. 1 which connects the average 
values of the carbohydrate consumption and the RQ of all the 
subjects on the two diets here employed (dr)- 

In Keogh and Lindhaed’s investigations (1920) the subjects 
show an average resting and fasting RQ of 0.90 on a very high, 
and of 0.75 on a very low carbohydrate diet. The composition 
of the diet is not given in detail. 
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Christensen and Hansen (1939) carried out investigations on 
a iiigli and a low carbohydrate diet, nuth a carbohydrate content 
of about 900 g and 60 g respectively. They found average fasting 
EQ values of 0.93 and 0.74. Hansen (1942) carried out experi- 
ments on the same diets. The average EQ for the various subjects 
was 0.92 on the diet rich in carbohydrates, and 0.75 on the diet 
poor in carbohydrates. ■ — Thus it is seen that while the values for 
the low carbohydrate diet employed by these two authors do not 
differ essentially from those obtained in the present investigations, 
the values for the high carbohydrate diet are considerably higher 
than those here obtained. 

This, however, is merely due to the fact that the carbohydrate 
content in the high carbohydrate diet used by these authors was 
so much higher than in the one used in the present investigations. 
According to the line marked in fig. 1 a carbohydrate content of 
900 g should give a EQ of 0. 95, which corresponds very well with 
the values given by the above-mentioned authors. 

It has previously been shown that the alveolar COj tension is 
lower on a low than on a high carbohydrate diet (Hasselbalch, 
1912; Benedict and Joslin 1912; Higgins, Pe.abody and Eitz, 
1916). As will appear from Table I, this is confirmed by the present 
material. The total average value on carbohydrate rich diet is 
42.1 mm, on carbohydrate poor diet 39.2 mm. 

Unlike the EQ values, we here see a distinct correlation between 
the values belonging together, appearing as a parallel shifting in 
relation to the identity line. This shows that there is an indi^^dual 
fasting CO 2 tension level which varies with the carbohydrate 
content of the diet. 

Summary. 

On examining a number of subjects on a high carbohydrate 
diet (averaging 612 g carbohydrate daily) and on a low carbo- 
hydrate diet (averaging 136 g carbohydrate daily) the following 
results w’ere obtained: 

1. Easting blood sugar was unaffected by the diet, averaging 
89 mg % on a high carbohydrate diet, 88 mg % on a low carbo- 
hydrate diet. 

2. The EQ averaged 0.848 on the high carbohydrate diet, 
0.755 on the low carbohydrate. This relation between the carbo- 
hydrate content of the diet and the fasting EQ corresponds 
closely to what can be inferred from the earlier literature. 
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3. The fasting alveolar GO. tension averaged 42.1 Trim on a 
high carbohydrate diet, 39. 2 mm on a low carbohydrate diet. It 
is shown that there is an individual level of the 00^ tension 
which varies with the carbohydrate content of the diet. 
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Ill a previous paper (Schou, 1943) an account was given of the 
profuse diuresis vvliicli can be produced by means of an intra- 
venous infusion of hypertonic sulphate solution into rabbits, it 
being possible in this way to raise the excretion of fluid tlixough 
the kidneys in these animals to 100 — 150 times the normal diuresis. 

In the interpretation of the experiments creatinine clearance 
was used as an indicator of tlie ultrafiltration of fluid in the renal 
glomeruli, and calculations on the motion of the fluid then showed 
that, if the observed excessive increase in the diuresis is to be 
explained by the Cusiixy-Kehbero kidney fimction theory 
(the filtration — reabsorption theory), it must be based partly 
on a very considerable reduction in tubular fimction as regards 
the reabsorption of fluid, partly on an increase in glomerular 
filtration, which according to the calculations mav amount to 
more than twice that occurring under normal circumstances. 

Is such an increase in filtration possible at all? That is to say, 
are such physical conditions present in the renal glomeruh that 
the above-mentioned calculated values for the increased glomeru- 
lar activity come within the limits of probability? 

^ A contribution tow.irds carrj'ing ont this work was granted by The R. Carl 
Petersen Foundation. 
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It is tills question wliicli will be dealt with below, and our 
investigation must begin with a brief examination of tbe forces 
acting in tbe Bowmann capsule. 

Tbe filtration in tbe renal glomerub is supposed to be a purely 
mecbanical process and tbe factors wbicb determine tbe extent of 
tbe filtration must therefore be the effective hydrostatic blood 
pressure in the glomeruli in connection with the amount of blood 
supplied to the glomerular capillaries, 

Tbe first of these 

the effective filtration pressure, must, broadly, be the resultant 
of three partly variable factors, ^^z. tbe arterial blood pressure, 
tbe decrease in tbe pressure before tbe blood reaches the glomerular 
capillaries, and finally tbe osmotic pressure of tbe plasma colloids. 

The arterial blood pressure must, in the nature of tbe case, be 
of decisive importance for tbe mecbanical filtration process. 

Tbe lowest arterial pressure compatible with tbe excretion 
of fluid has been found by Jansen and Rein (1928) to be around 
75 mm Hg, just as Lassen and Husfeldt (1934) for man found 
a similar value of about 70 mm. Hg. Other authors (Ustimowitsch 
1870, Geutzner 1875 and Stabling and Yerney 1925) have 
pre%nously, in circumstances where tbe urine contained large 
amounts of diuretics, found much lower values, around 40 mm. 

Hg. 

While the arterial blood pressure can be measured directly, 
this is not tbe case with tbe lowering of tbe pressure wbicb occurs 
on tbe way down to tbe glomeruli, so that the statements con- 
cerning 

the hydrostatic capillary pressure hi the glomeruli are based 
exclusively on indirect determinations. 

WiNTON (1937) has enumerated tbe works of earber authors 
concerning this factor and its relation to tbe pressure in the renal 
vein and ureter, and has then on tbe basis of bis investigations 
on tbe pressure conditions in tbe isolated kidney calculated the 
hydrostatic pressure in tbe renal glomeruli and found that it 
must lie around 2/3 of tbe simultaneous pressure in tbe renal 
artery. 

The colloid-osmotic pressure in tbe glomerular capillaries will 
reduce tbe effective filtration pressure to an extent corresponding 
to tbe protein content of tbe plasma, tbe proteins being assumed 
to be retained in tbe capillaries at tbe ultrafiltration of tbe other 
components of tbe plasma. 
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According to the statements of most authors the total protein 
content of the plasma lies around 6—7 %, and the corresponding 
colloid-osmotic pressure has been found to be about 2i mm. Hg. 

The second of the factors determining the extent of the filtration 
is the amount of blood flowing through the renal glomeruli, or in 
other words, the rate of blood flcno in the kidneys. 

For a long time the investigations of these facts had to be based 
on direct measurements of the rate of flow from the renal vein 
and on experiments on isolated organs. 

The more recent determinations of the renal blood flow have, 
however, in the main been made by the flow meter method devised 
by ®EIN (1928), which permits the measurement of the rate of 
bipod flow in unopened vessels by a thermoelectric procedure. 

'By means of this technique various authors have investigated 
the relation between the renal blood flow and the excretion of 
urine. 

Janssen and Eein (1928) as well as Glaser, Laszlo and 
SoHURMEYER (1932) found no certain correlation between these 
factors. 

Handowsky and Samaan (1935) showed that water diureses 
were preceded by a progressive rise in the flow in the renal artery. 

Walker, Schmidt, Elsom and Johnston (1937), in experi- 
ments on rabbits with water diuteses of 0.2 — 0.5 ml. per min. per 
kidney, found no constant correlation between the diuresis and 
the filtration on the one hand, and the renal blood flow on the 
other hand, even though the variations in these factors might for 
several periods go in the same direction. 

The available literature concerning the physical conditions of 
the ultrafiltration in the glomeruli does not, however, concern 
itself with the very profuse diureses which have here been made 
the subject of investigation. Therefore the questions which, are 
of interest here are still open, viz. first, whether the abovemen- 
tioned conditions of pressure in the glomeruli may be subject 
to such large variations that it is possible to explain thereby 
the values for the filtration calculated in these experiments, and 
second, whether the kidneys, under such circumstances, are sup- 
plied with sufficient blood for a glomerular filtration of the order 
here calculated to come within the limits of possibihty. 

As an attempt to answer these questions we shall in the sequel 
describe a series of experiments in which we have tried to give a 
collective estimate of the physical forces acting in the glomeruli 



GLOMERULAB PUNCTIOIT OF RABBIT-KIDXEYS. 37 

under these circumstances, on the basis of investigations of the 
arterial blood pressure and the renal blood flov, in connection 
rdth calculations on the colloid-osmotic pressure of the plasma 
colloids during sulphate diuresis. 


Experimental Technique. 

Eabbite vreighing 2 — 3.e kg. were used for the sulphate diuresis 
experiments -which were carried out according to the method pre- 
viously indicated by the author (Schou 1943). Here therefore we shall 
merely mention those changes in the technique which the special nature 
of these experiments necessitated. 

The rate of blood flow in the renal vessels was investigated by the 
flow meter method indicated by Beix (1928) with a modified technique 
devised by T\'Er)E-JAConsEX (1941), since the method will only with 
this modification allow of measurements at such high inconstant 
plasma sulphate values as occur in these experiments. 

The experiments were performed by means of the flow meter avail- 
able in the biological laboratory of Medicinalco Ltd. in co-operation 
with 3Ir. Tvede-Jacobsex, civil engineer, and Hr. V. Laksex, 
pharm. cand. The arrangement was such that simultaneously with 
the flow meter cun-e the arterial blood pressure was registered, being 
measured by means of a mercury manometer, while a drop-recorder 
placed under the bladder cannula likewise electrically registered the 
amount of the diuresis. 

The scale for the minute volume introduced in the graphs below was 
thus calculated on the basis of the amounts of heat and the tempera- 
tures measured. 

From the values for the blood flow read directly from the curves 
the figures for the plasma flow were calculated by means of the hfcma- 
tocrite values determined in each separate case, and according to 
Moeisox (1926) and MacCabluji (1926) these may again be taken as 
an expression of the amount of plasma flowing through the renal 
glomeruli. 

In the first experiments the flow meter cuvette was placed on the 
left renal vein, and thus the measurement of the rate of blood flow 
was restricted to one kidney only. 

There was, however, a drawback in using the renal vein for the flow 
meter measurement, in that the rinsing of the vessel often caused con- 
tractions in it, so that the vein did not entirely fill the cuvette. "Where 
the contact between the vascular wall and the element was thus defec- 
tive, the registration entirely failed or at best gave irregular and unreli- 
able curv-es. 

This disadvantage is avoided by placing the cuvette on an artery 
and in most of the experiments therefore the cuvette was, as recom- 
mended by Ebsom, Bott and Wabker (1937) placed round the aorta 
after this had been ligated just distally to the left renal artery. Lumbar 
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branches from the aorta and the superior mesenteric artery were also 
ligated. Thus the blood flow through both kidneys was measured. 

The arterial blood pressure was registered by means of an Hg mano- 
meter. Since the circulation of the entire hind part had been 'put out 
of function the arterial cannula was placed on the left carotid arterv. 
Blood samples were drawn drop by drop through a T tube on the con- 
necting rubber, so as to avoid a di.sturbing effect on the blood pressure. 

Coagulation of the blood at the inserted cannulas was prevented in 
all the flow meter cx])erimcnls by intravenous injection of 5 ctgr. 
Liquoid Piochc. Apparently the animals tolerated this well, but no 
doubt it was a contributary cause to the fall in the blood pressure 
which occurred in these e.xperiments. 

As previously stated, the hidrosiatic capillari/ pressure was calculated 
to be G7 % of the arterial pressure. 

The colloid-osmotic pressure in the arteries was calculated according 
to the method devised by "Wie-s and Peters (1937) on the basis of the 
plasma protein content. This was determined refractometrically with 
corrections for the constantlj' A'arjnng sulphate content. 

As mentioned in a ])revious paper (Sciiou 1943), the glomerular jiltra- 
tion was determined l)y creatinine clearance. Creatinine analyses were 
carried out colorimetrically according to the principle of PouN with the 
technique devised by E, XielsEiV (1930). 

The hemoglobin content oj the plasma was determined colorimetrically 
a. m. Fletsciii.-^Iiescheu. 


According to the principles stated in the previous paper (Senou, 
19-43) the renal function is expressed by the diuresis and the glomerular 
filtration as also by the degree oj concentration of the urine, that is, the 


C index = 


mg. % creatinine in urine 
mg. % creatinine in plasma 


and the E.xcr. %, 


that is the 


percentage of the glomerular filtrate which is excreted as urine. 


Experimental Ilc.snlts. 

The investigations comprise 7 flow meter experiments in which 
ob.servations were made on the blood flow and pressure during 
sulphate diuresis, as well as the renal function conditioned by 
these factors. 

As will appear from the following, the arterial blood pressure 
in the flow meter experiments is somewhat lower than normal; 
this is due to the incision necessitated by the insertion of the cu- 
vette. probably in connection with the intravenous injection of 
liquoid “Kochc”. 

Therefore 3 supplementary blood pressure e.xperiments were 
carried out, in which these possible sources of error are excluded. 

As examples we have given below the notes on four of the flow 
meter- blood pressure experiments (experiments 5, G, 7, and 8). 
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Directly pliotograplied flow meter and blood pressure curves 
are given from 1 of the experiments (5) (Fig. 1). 

The blood pressure curve is given from one experiment on 
blood i)ressure (8); Fig. 2. 

The correlation of the various factors concerning the blood 
pressure, blood flow, and diuresis in a single experiment (7) is 
recorded in Fig. 3. 

All other experimental results are recorded in Tables I and 11. 

Notes 071 Expermcnt o. 1940. Male rabbit weighing 3.0 kg. 
Flow meter experiment. 

At 8.15 20 ml. 25 % uretane solution in 0.9 % KaCl solution sub- 
cutaneously. 

9.15 Operation. 

11.15 1.2 gr. creatinine in 20 ml. 0.9 % J7aCl solution intraven- 
ously, thereafter slow infusion of 0.9 % IgaCI solution, 
25 ml. in all. 

11.49 — 12.14 Normal period. 

12.20—12.36 Infusion of 60 nil. 20 % Na^SO^, 10 E,0. 

12.26 — 12.38 3 sulphate diuresis periods of 4 minutes each. 

Notes on Experiment 6. -'/s 1940. Male rabbit, 3.6 kg. Flow meter 
e.xpcriment. 

At 8.30 22 ml. 25 % uretane solution in O.o % NaCl solution sub- 
cutaneously. 

9.30 1.2 gr. creatinine in 20 ml. 0.9 % NaCl solution subcutane- 
ously. 

10.00 Operation. As the cuvette was not in a satisfactory position 
the abdomen had to be opened a second time, which no 
doubt caused the considerable fall in the blood pressure that 
rendered a normal period impossible. 

From 12.47 — 13.01 infusion of 40 ml. 20 % Na^SOj, 10 HoO. 

12.53 — 13.18 4 sulphate diuresis periods of 4 minutes each. 

Notes on Experiment 7. 1940. Male rabbit 2.9S kg. Flow meter 

experiment. 

At 8.35 18 ml. 25 % uretane solution in 0,9 % NaCI solution sub- 
cntaneously. 

10.00 Operation. 

11.30 1.2 gr. creatinine in 10 ml, 0.9 % NaCl solution intravenously. 
Normal period given up owing to absence of diuresis. 

From 12.34 — 12.58 Infusion of 60 ml. 20 % Na2S04, 10 ILO. 

12.38 — 12.41 1st sulphate diuresis period. Proved a failure. 
12.31 — 13.02 2nd to 8th sulphate diuresis periods. 

13.95 — ^13.08 9th sulphate diuresis period. 

Notes on Experiment 8. ^'’/s 1940. Male rabbit 2.6 kg. Blood pres- 
sure experiment. 
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At ]1.]5 Urcianc solution in O.o % NaCl solution subcutaneously, 

12.15 Operation. Blood prc.'ssurc cannula inserted in this experi- 
ment in the left femoral arterj'. 

13.15 1.2 gr. creatinine in 20 ml. O.o % NaCI solution .subcutane- 
ously. 

From l‘j.51 — 15.11 iSornuil period. 

15.10—15.31 Infusion of 100 ml. 20 % 10 ILO. While 

the blood pre.ssurc was continually regisiered, the 
diure.sis was observed through 0 periods of 2 
minutes each, during which, in order to .avoid 
fluctuations in the blood pre.ssurc, the blood 
sample.s were taken ns far as po.ssiblc conti- 
nuously, drop by drop. 

15.23 — 15.10 Isl — Sth .•sulphate diure.si.s period. 

In.-lO — 15.‘)8 bill suljdiate diurc.ri.s jn-riod. 

Table I. 


FigmT.« for tlio oh^erved and c.-dctilntcd fnetor.-'. concerning the excretion of 
fluid and for the .•iertinn. jirotein e', jinrl liemoglobin in the 4 exTHTime!;:.-*, of 
which the notes are given above while the result.^ are illustrated in Kips. J — Ji. 


Experiment and 
Period 

in, nnt** 

Gloniendnr 

filtoite 

iiil/iiiin. 

Urine. 

C. 

index 

tv titer- 
Exer. 

O' 

/O 

.Seriim- 

protcin 

% 

Iletno- 

ghl’in 

O ^ • • • • « 

O.fl.t 

K;t 

80.0 

2.0 

n 


S) 

S.4 

IG.a 

2.0 

.71 



s 

10.0 

14.? 

I..', 

OS 

4.3 


Sj 

7.0 

18., s 

l.s 

«Ti 

4.4 

- i 

G S, 

4.7 

1.8.S 


31 

8.0 


S 

r».s 

18.-.! 

2.:i 

48 

8.9 

1 

• < • • • 

r..t 

it.:, 

l.s 

50 

4.0 


s, 

O..". 

l.s 

.'t.t: 

28 

3.0 


7 .8, 

8.7 

_ 


- 


\ 

i’-* • • • • • 

ti.5 

17.S 

.*> • 

^ • * 

87 

4.3 


8, 

<i.O 

8.4 

1.4 

72 

4.1 



7.»» 

18.0 

1.7 

oS 

4.0 


.Sj 

G.l 

lO.r. 

1.7 

50 

3.9 


8« 

4.S 

7.'> 

1.0 

01 


i 

S; 

.8.(1 

4.!> 

1.0 

01 



q 

I..-; 

2.1) 

1.0 

52 

1.3 

t 

s, 

O.G 

1.5 

2.5 

40 

4.6 

— i 

8 X 

0.1 

7.1 

Sl.O 

1.3 

»J.7 

08 ! 


7.0 

20.5 

2.0 

34 

4.2 

o- , 



lo.r, 

lO..', 

1.0 

04 

4,2 

02 ! 


9.S 

13.0 

1.4 

70 

3.0 

•2^ i 


lO.-.t 

14,4 

1.1 

71 

2.0 



7.S 

10.7 

1.4 

72 

2.S 

o4 

s. 

:i.s 

.'i.r. 

1.5 

07 

2.0 

itO 

.s, 

9.M 

4.7 


50 

3.1 

ou 


1.7 

3.4 


50 

3.5 

03 

q 

1 Cp ...» * 

1.7 

4.7 


35 

4.4 

82 
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Table I shows that the kid- 
ney function, after the intra- 
venous infusion of sulphate, 
follows the lines mentioned in 
the previous paper. There is 
a pronounced increase in the 
excretion of urine which, ac- 
cording to the calculations in 
conformity Avith the filtration- 
reabsorption theory, must be 
caused partly by increased 
glomerular filtration, partly 
by a reduction of the tub- 
ular reabsorption, expressed 
by the low A*alues for the 
C. index. 

Curve 1 shoAvs that as the 
basis for the calculated in- 
crease in glomerular func- 
tion may be obserA’-ed a rise 
in the renal blood flow and 
also in the arterial blood 
pressure. 

This rise occurs immediately 
at the beginning of the infu- 
sion and is followed after a few 
minutes by the sudden setting 
in of the diuresis. 

The renal blood flow: Before 
the injection of sulphate the 
flow meter curves, in two vein 
experiments in AA'hich the re- 
gistrations were confined to 
one of the Iddneys, showed 
figures for the renal blood floAA* 
around 12 — 15 ml. per min; 
while the arterial experiments, 
totalling 5, where the blood 
flow of both Iddneys AA'as 
registered, shoAved A'alues of 
25 — 32 ml. per min. A single 



Fig. 1. Iho ronnl blood flow foe both kidneys is directly registered, e.xpre.sscd in ml per minute. The arterial blood pressure is 
likewise registered directly, expre.ssed in mm. Hg. Each of the small vertical lines below the curves registers the excretion of a 
drop ot urine, the closeness of the lines expressing the magnitude of the diuresis. This registration failed for a moment in the middle 

of the experiment. The blood pressure is shown by the upper curve, 
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expcriinont, tlic one licrc illustratecl, presents ns lo\v a value as 
12 ml. per mirnite. 

Calculated per gr. kidney weight this gives n blood flow of 
about LTi ml. per min., 0.7 jn a single e.vperiment (6), 

These figures are lower than the average blood flow of 3.2 ml. 
per min. lor the rabbit’s kidney found i)y ^\'alker, Schmidt, 
Ei.som, and .louxsrnx (1037). 

.•l//rr the .sulphate infusion has set in, the flow meter curve.s show 
a di.stinct increase in the renal blood flow, for now 2 — 3 times 
as much blood passe.$ through the kidneys a.s before. In a single 
exi)criment (Exjn 6) the blood flow is even increased -1 — 5 time.?. 

Blond ■pr<\'<}iui’c. The ri.se in the blood pres.sure curves is as a rule 
greate.st at the begijming of the infusion period, after which it is 
rejdaced by a slow fall, which is continued after the infusion has 
ceased, while the ri.se in the blood flow sets in .somewhat more 
gradually and is then also at a certain moment, at latest at the 
end of the infu.sron, replaced bv* a fall of the curve, 

I'pon olo.ser consideration of the cnr\-es it will be noted that, 
njmrt from the above-mentioned difference in the times for the 
maximal increase in blood jme.ssuve and l)lood flow, there is a 
marked tendency for the two curves to run parallel, so that even 
ciiiitc small fluctuations in the blood pressure curve manifest 
thenrselvcs simultaneously in the blood flow curve. This was even 
tlio case in those exporimenis where the curve indicated the blood 
flow through a vein, a fact which besides .showing an anticipated 
correlation between blood pressure and blood flow may at any 
rate be taken as a sign of a confidence-inspiring precision in the 
two mutually independent modes of registration. 

As previonslv mentioned, the rise in the blood pressure in these 
flow meter experiment.s starts from very low initial values, about 
50 — 70 mm. Hg. 

The increase amounts to 35 — 55 mm. Hg., so that the blood 
pressure values attained in this way are approximately on a 
level with the normal blood pressure of the animal. 

In the supplementary I)lood ])res3urc experiments, 8-- 10 in- 
clusive, in which the incision necessary for the determination of 
the blood flow has been omitted, there is also a transient rise in 
the arterial blood pressure as a consequence of the sulphate in- 
fusion. In this case it amounts to 10 — 25 mm. Hg. and is thus 
somewhat lower when the initial values are near the normal than 
at the lower initial values in the blood flow experiments. 



ULOMERULAR FUNCTION OF RABBIT-KIOxVEYS. 


43 



tlic nrtrrial hlo'iil pressure ■ ■ " ' 

the colloid-osmotic pressure of tlie pinsinn colloids Z C D 

the liemoglobin % A A — A A 

the diuresis 

and the glomerular filtration • -• -• - • 

From figs. 2 and 3 it will appear that tlie rise in the arterial 
blood pressure is accompanied by a simultaneous fall in the col- 
loidosmolic pressure of the scrum proteins as a result of the dilution 
of the serum caused by the infusion of fluid. 

The serum protein content in the normal periods, before the 
.sulphate infusion, was found to range from 5.5 to 7 %. These 
figures, however, cannot be regarded as any fully valid expression 
of the normtd protein content in the serum of rabbits, for when 
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Fig. .3. Experiment 7. Diagram of the relation between 
the arterial blood pressure 

the colloid-osmotic pressure of the plasma colloids O — 0“ O 

the renal blood flow 

the diuresis x — X — x 

and the glomerular filtration • • • — • 

The determination of the filtration was unsuccessful in the first sulphate diuresis 

period of this experiment. 


these blood samples -were taken small quantities of NaCl solution 
had in most cases been infused. 

After the rapid sulphate infusion has started the protein con- 
tent, as well as the hemoglobin ‘percentage, drops to 75 — 50 % of 
the original values; it differs somewhat in the various experi- 
ments, depending on the amount of infused liquid per unit of 
time, the size of the animal, and the diuresis. 

The importance in this respect of the excreted amount of fluid 
may be estimated by the rise in the serum protein and hemo- 
globin percentages towards the end of the experiments, a shortly 
after the profuse diuresis has set in. 
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Discussion. 

On tlie basis of tbe experimental results, the correlation between 
-the renal blood pressure and the renal blood supply on the one 
hand, and the glomerular filtration and the amount of fluid ex- 
■creted on the other hand, may be discussed. 

As will appear from Figs. 3 and 4, the rather constant low C. in- 
dex found in the sulphate diuresis experiments in the previous 
work involves a marked tendency in these experiments also to a 
proportionality between the glomerular filtration and the diuresis, 
so that our statements concerning variations in the filtration 
rate will also in the main apply to the amount of fluid excreted. 

If the curves and tables are compared the direct correlation 
in the individual experiments between the blood pressure on the 
one hand and the filtration and diuresis on the other hand is 
plainly seen. 

The same applies, though hardly with such regularity, to the 
relation between the renal blood flow and the glomerular filtra- 
tion. 

This is best seen in experiments where the conditions have 
been observed continuously during several short periods. Thus 
Fig. 2 (Exp. 8) shows the dependence of the glomerular fimction 
on the blood pressure, while Fig. 3 (Exp. 7) gives a picture of 
the relation between the blood pressure, renal blood flow, glomeru- 
lar filtration, and diuresis (unfortunately the determination of 
the filtration was unsuccessful in the 1st period of this experi- 
ment). 

Hence it turns out that the increase in glomerular filtration, which 
is one factor in the greater augmentation of the diuresis immediately 
■after the infusion of the sulphate solution in the blood stream, is 
favoured simultaneously by a rise in the arterial blood pressure, 
■an increase in the renal blood flow, and a reduction of the resistance 
originating from the plasma colloids. 

In the last stages of the sulphate diuresis the order of magni- 
tude of the filtered amount of fluid often lies below the normal 
values found before the beginning of the experiment (Fig. 2), 
and this reduction of the glomerular function runs parallel with 
a fall in the arterial blood pressure, decreasing blood flow (Fig. 3), 
and rising coUoid-osmotic pressure in the serum. 

That the diuresis can, imder these circumstances, still be as 
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liigli as about 10 — 20—30 times tlie normal values, must therefore 
be ascribed to the tubular reabsorption which remains reduced 
the G. index keeping fairly unchanged around 2 during the whole 
of the sxilphate diuresis. 

Now, in order to find out the physical conditions in the glomeruli 
for the calculated augmented filtration we must consider the 
absolute values for the renal plasma flow in the observed diuresis 
periods, and for the effective filtration pressure in the renal capil- 
laries within the same periods. 

The numerical values for the renal -plasma flotv may, as pre- 
viously stated, be calculated on the basis of the readings for the 
renal blood flow by means of the plasma %. 

The values thus calculated for all the exjjeriments are shown in 
Table 11. 

On comparing the figures for the different experiments presented 
in this table it must be remembered with respect to the values 
for blood flow and filtration that in experiments 1 , 2, and 3 these 
only apply to one kidney, w])ile in the determination of these 
quantities in experiments 4, 5, 6, and 7 they include both kidneys. 
In order to facilitate the comparison double values are given in 
parenthesis in the unilateral experiments. 

In those experiments in which the blood flow has been measured 
on the renal vein (1, 2, and 3) the amount of fluid excreted must 
be added to the reading in order to obtain the actual measure for 
the quantity of blood supplied. Hence in these experiments the 
values for the blood flow are given as the sum of the reading and 
the diuresis per minute. 

As will appear from the table, the blood supply to the renal 
glomeruli has been found to be very variable from one animal 
to another in these experiments. 

With respect to this factor the various experiments have pre- 
sented values ranging from 20 to 130 ml per minute. 

This fact appears with special distinctness in experiments 5 
and 6 here quoted. In these experiments the animals were of 
equal size but the renal blood flow was 4 times larger in one 
than in the other. 

Tliis fact is in accordance with the results of Mayes and M'att 
(1922) as well as the investigations of Walker, Schkidt, Elsom, 
and loHNSTON (1937). 

The problem which is of special interest, however, is whether 
the amount of blood which is at any time supplied to the renal 
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Table 11. 


The observed and calculated values for the physical factors which must he 
assumed to underlie the ultrafiltration in the glomeruli in the 7 flow meter 
and blood pressure experiments given here. 


Experiment 
and Period 

Renal blood- 
flow 

ml per min. 

Renal plasma- 

flow 

ml per min. 

Glomerular 
filtrate 
ml per min. 

s 

ct* 

2 

Arterial blood- 
prc.s.suro mm Ilg. 

cr 

1 p-2 

« 1 g- 
o 

Effective glome- 
rular coll. osm. 
pressure mm Hg. 
Arterial coll, 
osm. pressure 
mm Hg. 

Resultant effect- 
ive filtratioii- 
1 pressure mm Hg. 

i 

1 1 s, 

32 (G4) 

23 (46) 


23 

65 

43 

9 

11 

32 

i 2 S, 


19 (38) 

1.2 (2.4), 6 

92 

61 

n 

19 

54 

I S, 

20 (40) 

13 (26) 

0..S (1.0)' C 

60 

40 


19 

28 

! 3 X 

15 (30) 

S (16) 



GO 

40 

16 

17 

23 

! s, 

36 (72) 

28 (56) 


74 

49 

8 

9 

40 

! s, 

24 (48) 


3.5 (7.0) 

18 

60 


7 

8 

32 

4 X 

28 

17 

0.5 

29 



16 

17 

23 

! Si 

50 

38 

11.5 

30 

105 


9 

11 

59 

s. 

75 

59 

10.1 

17 


67 

8 

9 

58 

6 N 

mm 

15 


9 

90 

60 

21 

22 

38 

s, 


67 

■11 

24 

115 

77 

12 

14 

63 

s, 


87 


17 

118 

79 

n 

12 

67 

s, 


66 

mM 

20 

108 

72 

n 

13 

59 

6 Si 

32 

24 



100 


10 

16 

51 

s. 

31 

23 


68 

85 


10 

16 

41 

S, 

28 

19 

9.5 

50 

70 


13 

20 

27 

s, 

13 

10 

l.S 

IS 

45 


10 

11 

19 

7 S- 

42 

27 

17.S 

GO 

95 

64 

11 

22 

42 

s. 

43 

29 

8.4 

29 

82 

55 

10 

12 

43 

Si 

50 

35 

13.0 

42 

77 

61 

10 

14 

37 

Ss 

48 

34 

10.3 

30 

71 

47 

10 

12 

35 

s. 

43 

31 

7.0 

25 

C5 

43 

10 

12 

31 

> s. 

40 

29 

4.9 

17 

55 

37 

10 

11 

26 

i s* 

35 

25 

2.9 i 12 

46 

31 

11 

11 

20 


glomeruli is sufficient to render possible the calculated rise in 
the filtration. 

This question is answered by the values for the filtration ‘percen- 
tage given in Table II, that is to say, the percentage of the plasma 
flowing through the glomerular capillaries which is ultrafiltrated 
in the glomeruli. This is highly variable in the different experi- 
mental periods — ranging from 6 to 66. The mean value — in so 
far as we can speak of a mean value where the margin of variation 
is so wide — lies at 26 %. Walker, Smith, Elsom, and John- 
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STON (1937), who are the only investigators who have previously 
made determinations of this factor on rabbits by flow meter experi- 
ments found as the mean of 29 determinations a percentage of 
30 (ranging from 18 to 50). 

The above-mentioned variations in the filtration percentage 
seem to run fairly parallel with the figures for the glomerular 
filtration but as (he chief result loilh respect to the blood flotv it may 
be established that the figures for the filtration percentage have not 
in any case in these experiments been found to be so high as to ex- 
press an impossible or merely an improbable relation behveen the 
amounts of fluid filtered and supplied respectively. 

In the calculation of the other factor, the effective filtration 
pressure in the gloineruli, as the difference between the effective 
glomerular pressure and the colloid-osmotic pressure of the 
serum proteins, the numerical values will be rather uncertain, 
but if, as indicated by "Wintox (1937), the fall in pressure from the 
arteries to the renal glomeruli is put at 33 % of the arterial pres- 
sure, and the effective resistance caused by the plasma colloids 
in the glomerular capillaries is calculated from the protein content 
in the arterial blood corrected by means of the filtration percen- 
tage, then there is a possibility of arri\dng at some idea of the 
order of magnitude of the effective filtration pressure. 

Table II shows this factor calculated in the above-mentioned 
way in our 7 experiments. 

As an example may be given the facts in the first sulphate 
diuresis period (S^) in Exp. 5. The renal blood flow is 100 ml per 
min., the plasma percentage is 67, which results in a renal plasma 
flow of 67 ml. per min. 

Since the filtration in this period is 16.3 ml. per min. the filtra- 
tion percentage will be 24. 

The arterial blood pressure shows a slightly falling tendency 
in the course of the period. The mean value may be put at 115 
mm. Hg. which, when we have reached the glomeruli, has been 
reduced to 77 mm. Hg. 

The colloid-osmotic pressure in the arterial blood has been found 
to be 12 mm. but owing to the concentration of the plasma in 
the glomeruli caused by the filtration the colloid resistance at 


the conclusion of the ultrafiltration must be 12 X — — ^ — 

100 — 24 

= 16 mm. Hg. As the effective resistance during the whole filtra- 
tion period must be selected a mean value of 14 mm. Hg. 
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The resulting effective filtration pressure in the glomeruli v-ill 
thus be about 63 mm Hg. 

A perusal of the last column in the table shows that the effec- 
tive filtration pressure in the glomeruli thus calculated with a 
few exceptions amounts to about half the arterial pressure. 

The same ratio has been found for the frog by Hayman Jr. 
(1929). 

This will mean, then, that the lowest value observed for this 
factor compatible with glomerular filtration in these experiments 
lies around 20 mm Hg, corresponding to an arterial pressure of 
c. 40 mm and this agrees with the statements of ‘previous authors 
(UsTiMOWiTSCH 1870, Grutzner 1875, Starling and Verney 
1925) concerning the loivest arterial pressure compatible loith diuresis. 

The conclusion to be drawn from these experimental results 
will thus be that both for the blood flow in the renal glomeruli and 
for the filtration pressure a very vdde margin of variation has 
been demonstrated. 

The calcidated values of the various factors that condition the 
glomerular filtration have turned out to be of such an order of 
magnitude that they are fully compatibly with the great increase 
found in the glomerular ultrafiltration, if it be assumed that the 
values for the creatinine clearance are a measure of the amount 
of the ultrafiltration. 

At the same time one of the conditions is now present which 
will enable us to explain the sulphate diuresis in accordance with 
the filtration-reabsorption theory. 

A following paper shall deal with the investigations on the 
tubular function of the kidneys during sulphate diuresis. 

Summary. 

In continuation of previous investigations, in which it was 
shown that the excessive increase in diuresis after intravenous 
infusion of a hypertonic sulphate solution in the blood stream 
of the rabbit can be explained by a combination of an increased 
filtration of fluid in the renal glomeruli and a reduced reabsorp- 
tion of fluid in the tubules, the glomerular function has been 
investigated in the present paper. 

1) In flow meter experiments it has been possible to demon- 
strate, simultaneously with the greatly increased excretion of 
fluid, a distinct increase in the renal blood flow. The figures for 

4 — H0099. Acta phi/s. Scandinav. Vol.7. 
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the renal blood flow were found to lie between 30 and 130 ml per 
min. for both kidneys, so that the margin of variation is wide, 

2) The arterial blood pressure, too, showed a transient rise 
of 35 — 55 mm Hg. Tlie rise was fairly quickly superseded by a 
fall to values lying below the normal blood pressure of the animal. 

3) The calculated approximate values for the colloid-osmotic 
pressure of the plasma colloids at first .showed a falling tendency' 
as a consequence of the largo infusion of fluid, later again a rising 
tendency owing to the loss of fluid by diuresis, 

4) A final calculation shows that the physical factors which 
condition the glomerular filtration arc of such an order that the 
increase in the ultra filtration calculated on the basis of the 
creatinine clearance determinations becomes possible. 
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Nothing is known regarding the fate of the erythrocyte mem- 
brane after hemolysis of the erythrocytes. The ghosts are dis- 
integrated and disappear from the blood stream. Evidently, they 
are broken down by enzymes like other blood constituents. 

Some authors have discussed the possibility of a relationship 
between the stroma protein and the fibrinogen, assuming a more 
or less direct transformation of the stroma protein into fibrinogen. 
Eeymaxn in 1924, after re-\dewing the literature and referring to 
his own abundant experimental material, stated that the formation 
of fibrinogen and globulins in the plasma of horses during diph- 
theria- and staphylolysinimmunization closely follows the dimin- 
ution of hemoglobin as the anemia develops under the influence 
of the toxins. He concluded that the main protein of the erythro- 
cytes, the globin, was transformed into plasma proteins, into 
fibrinogen and globulins. 

This theory was followed up and further developed by Davide 
in 1925. He found that antisera against fibrinogen from the guinea- 
pig, the dog, and to a certain extent also from man, showed a 
resemblance to hemolytic antisera causing a very strong hemo- 
lyzing effect and producing a hemolytic anemia in animals. This 
he considered to be due to some antigenic relationship between 
the fibrinogen and the er}’throc\i;e stroma, which is known to 
possess the antigenic properties of the erythrocytes giving rise to 
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liemolysins. He mentioned, liowever, that horse fibrinogen was 
very poor in this respect, and that sheep fibrinogen was devoid of 
antigenicity. Nevertheless, he concluded not only that there is 
an antigenic resemblance between the fibrinogen and the stroma 
protein but also that the stromata, after hemolysis, are converted 
into fibrinogen. The difficulty of preparing fibrinogen completely 
. free of stromata, could possibly explain some of his experimental 
results. 

In a recent paper by FAhraeus, Fagerberg and Fagerbbrg 
(1941) particular attention was paid to the question of hemolysis 
of the erythrocytes and the increase in the fibrinogen content 
following an intensified hemolysis. Irrespective of whether the 
hemolysis was caused through the intravenous injection of 40 ml 
of distilled water in a rabbit or through the injection of lysolecithin, 
there was a rapid increase in the fibrinogen content of the plasma, 
closely following the decrease in the number of erythrocytes. This 
can be best demonstrated through one of their diagrams. 

The close connection between the destruction of the erythrocytes 
and the increase in the fibrinogen content of the plasma, as found 
by REyjrANN, is clearly demonstrated. The authors concluded 
only, that there is some genetic relationship between the two pro- 
cesses, without making any statement regarding a possible trans- 
formation of the erythrocytes into plasma proteins. 

The results of Fahraeus and his coworkers, however, allow more 
far-reaching conclusions to be dra^ra. It is evident from their 
experiments that the increase in the fibrinogen content of the 
plasma can not be due to a transformation of stroma protein into 
fibrinogen, since the stroma protein of the hemolyzed erythrocytes 
makes up in weight only about one-sixth of the amount of fibrinogen 
formed. 

During the course of 2^4 days the erythrocjrte count in the rab- 
bit dropped from 5.4 to 4.3 millions, thus a reduction of 20.6 per 
cent in the cell volume or 6 per cent of the blood volume with a 
normal hematocrite value of 30. Counting with 30 per cent dry 
substance in the erythrocytes the loss will be 1.8 g in 100 ml of 
blood. The stroma protein makes up only 4 per cent of the dry 
substance of the cells, thus 72 mg of stroma protein in 100 ml of 
blood, which recalculated on plasma makes 102 mg or a loss of 
stroma protein amounting to 1. 02 per thousand. The rise in fibrin- 
ogen was 8. 3' — 2.6 =5.7 per thousand. In another experiment, 
where hemolysis was produced by injecting distilled water, the 
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loss of stroma protein during 6 — 7 days was 0.7 per thousand 
calculated on plasma, whereas the rise in fibrinogen was 4.8 per 
thousand. 



The short period of time, 3—6 days, during which these changes 
occur does not allow of any considerable destruction of newly 
regenerated blood corpuscles; hence the possible contribution to 
the fibrinogen formation given by the stroma protein must be 
negligible. 

There is another aspect not considered by previous authors 
which is very important, and which makes any discussion on a 
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direct transformation of the cell protein into plasma proteins 
superfluous. As has been known for a long time, the different blood 
proteins have their own amino acid content (see Lustig and 
Haas 1930). Each of them contains a specific number of the vari- 
ous amino acids arranged in a certain structural pattern. The 
present author (1932) found this to be the case also with the 
stroma protein, named stromatin. Table I demonstrates the differ- 
ent compositions of some blood proteins as indicated by their 
different amino acid contents. 


Tabic r. 

Amino acid content of some blood proteins (Jorpes 19S£). 


Arginine 
Per cent 


Stroma protein 5.S0 

Fibrin 7.97 

Serum globulin 5.S2 

Hemoglobin 3.32 

3.32 


(Vickery 

1923) 


Histidine 

Tyrosine 

Tryptophane 

Per cent 

Per cent 

Per cent 

2,C3 

3.01 

1.40 

2.23 

5.54 

4.10 

2.07 

5.1S 

2.21 

7.711 

2.S4 

1.20 

7.04 



(Vickery 
1928 and 



1942) 




Even if the stroma protein, also called stroma fibrin, shows a 
superficial resemblance to fibrin, forming long-chained fibers, it 
has an amino acid content of its own. 

Consequently, the stroma protein as well as the other blood 
proteins arise through specific synthethic procedures, the raw 
material probably being single amino acids. These figures show 
that there can hardly be any discussion about a transformation 
of hemoglobin, for example, or the stroma protein, into fibrinogen. 
The synthesis of the globulins as well as of the fibrinogen in the 
liver runs its own course even if it is greatly stimulated through 
all lands of foreign influences upon the liver. Such an influence is 
exerted through an excessive destruction of the erythrocjdes. 


Summary. 

The author calls attention to a previously unrecognized circum- 
stance with regard to the composition of the stroma protein of the 
erythrocytes and of the fibrinogen, which allows the conclusion 
to be drawn that the stroma protein, after hemolysis, can not be 
transformed into fibrinogen- As a matter of fact, the amino acid 
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content of the different blood proteins is quite different, each one 
having its omti specific composition. It is evident, therefore, that 
there is no direct transformation of stroma protein into fibrinogen 
when the erythrocytes disintegrate and the ghosts disappear from 
the blood stream. Furthermore the author, interpreting recent 
e 3 q)erimental findings of Fahraeus et al., calls attention to the 
fact that the amount of fibrinogen produced during the course of 
a few days through the influence of the hemolyzed blood cor- 
puscles exceeds sixfold the amount of stroma protein liberated 
through the hemolysis. 
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The fact that er3^throc3’tes undergo heraol3^sis not only in h3'po- 
tonic, but also in extremel}- hyjjertonic solutions of neutral salts 
was known even in the da3's of Hambtjkger, but, while the phe- 
nomenon of hemolysis in a h3'potonic environment has long been 
the subject of exhaustive stud3’- both from the clinical and the 
experimental points of view, little attention has been paid to 
hemol3’’sis b3’’ concentrated solutions. Practically nothing has been 
known regarding its possible significance in clinical practice. 

The primary object of the investigation to be reported here was 
to gain some conception of possible divergences in the resistance 
of the red blood corpuscles to h5^ertonic saline solutions, in con- 
nection with different illnesses. During the course of these studies, 
however, m3^ interest was aroused in the theory regarding hemo- 
lysis in concentrated solutions Avhich will occupy the major part 
of the present paper. 

To begin with, it ma3^ be mentioned as an illustration that 
human er3’throc3d:es suspended in a 5 M IfaCl solution undergo 
complete hemol3’^sis within two to five minutes. At lower concentra- 
tions, a greater or a lesser proportion of the total amount of 
erythroc3d;es becomes hemol3’^zed at a slower rate, the rate being 
slower, and the degree of hemolysis lower, in proportion to the 
weakness of the concentration of the sodium chloride. In solution 
with a lower than normal concentration there is, as a rule, hardly 
a trace of hemolysis even after the lapse of twentyfour hours. 
After about three hours, there is a relative stagnation in the 
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hemolytic process in all concentrations, and the degree of hemo- 
lysis then remains fairly constant. In this investigation, therefore, 
the value after three hours was used throughout as a measure of 
the hemolysis effect in concentrated solutions. After this time, 
NaCl causes complete hemolysis at a concentration of about 
4.5 M, and beginning hemolysis at about 1.25 M. (See table I.) 

I. Observations and Discussion Concerning tlie Meclianisni 
Involved in Hemolysis by Hypertonic Solutions. 

A good explanation of hemolysis by h}^otonic solutions was 
early provided by the observation that the cell membrane of 
erythrocytes is permeable to water but not to most of the sub- 
stances dispersed in water. The reason why neutral salts were 
also unable to penetrate the membrane was believed to lie in 
the fact that the membrane prevents the passage of the cations. 
If the osmotic pressure in the external medium be made lower 
than that prevailing inside the membrane this will cause a pre- 
ponderance of the pressure of the enclosed electrolytes. Equili- 
brium can only be reached by the penetration of water into the 
erythrocytes, which thereby increase in volume. Hemolysis occurs 
when the membranes, which are stretched as a result of the in- 
crease in volume, finally burst (to use a popular expression). 

It was a logical consequence for Hamburger, and other investi- 
gators who have made a study of this mechanism, to assume that 
hemolysis by concentrated solutions is due to the working of the 
same forces. According to their \dew, the high osmotic pressure 
in the surrounding fluid must obviously compress and dehydrate 
the erythrocytes, this being reflected in a decrease in the volume. 
A limit to this reduction in volume, however, would be set by the 
restricted amounts of erythrocyte water wliich could be set free, 
and when this limit is reached the erjd;hrocyte membranes would 
literally be burst by the external pressure and the hemoglobin 
thus liberated. 

It is my belief that the simplest evidence against this theoretical 
conception is to be found in the following experiments, using 
solutions of substances which readily penetrate the erythroc 3 d;e 
membrane. 

As is well known, urea and the NH^ salts are substances pos- 
sessing this property. In pure solutions of this t}q)e of substance, 
at all concentrations, red blood corpuscles must more or less 
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rapidly undergo hemolysis analogous to that caused by hypotonic 
solutions. The dissolved substance diffuses into the erythroc}i;e at 
the same concentration as that present in the external fluid, and 
the latter can then not achieve any counter-pressure to the elec- 
trolj'tes enclosed in the cr}d;hrocytes and which cannot pass 
through the membrane. This hemolysis can be prevented by 
dissolving in the outer fluid a substance such as NaCl, which will 
not penetrate the membrane, to make an isotonic concentration. 
From the jioint of view of osmosis, a solution of this type will 
always be isotonic with the erj’throcyte, irrespective of the con- 
centration of the substance passing through the membrane. 

If licmolysis by h}*pei-tonic solutions were a process of an osmo- 
tic nature one naturally ought not to obtain hemolysis in such 
a system even rvitli high concentrations of the permeating sub- 
stance. 

In the experiments I have made, using solutions of, among 
other substances, urea and 1^11,01, to which NaCl had been added 
to make isotonia, it was found, however, that urea caused hemolysis 
at approximately the same osmotic pressure as corresponding 
h}’pcrtonic NaCl solutions, and NH 4 Ci with a somewhat lower 
molar concentration (approximately equal to LiCl). "^^Tien diffe- 
rent halogen salts of NH 4 Avere used it was found that these were 
hemol}i:ically active in the same order as the corresponding 
Na salts viz. J' > Br' > Cl'. 

Thus, substances Avhicli readily penetrate the cell membrane 
cause, at high concentrations, a hemolysis which seems to be 
fully analogous to that occurring in solutions of (according to 
the current conception) non-permeant substances. The membrane 
barrier to cations — which constitutes the essential condition for 
the acceptance of the "osmotic” hemolysis theory — appears to 
j)lay no j^art in the process of hemolysis by h 3 q)ertonic media. 

In order to investigate whether this membrane barrier is in any 
way a factor to be reckoned Avith when the external ionic pressure 
is ns high as it was in these experiments, I endeavoured to titrate 
the Cl content in the unhemolyzed corpuscles which had been 
suspended for three hours in concentrated solutions of LiCl, 
NaCl, KOI, and RbCl. My method was to centrifuge the suspended 
erythrocytes and carry out the titration on the centrifugate after 
hemolysis by distilled water. (It would, of coume, have been better 
to titrate direct on the cation. However, as this procedure involves 
technical difficulties, and as the cations can only enter the erythro- 
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c}'te in conjunction ■with the GI ions, I considered the titration on 
the chloride to be justified.) It was observed that after three hours 
there was still a considerable difference between the Cl' concen- 
trations in the external fluid and in the erythrocytes, when the 
initial concentration of the former was as Iom’ as 1 M. When a 
suspension fluid was used tvith the initial concentration of 2.5 M 
the Cl concentration in the erythrocytes after three hours was 
about the same as in the surrounding fluid and in some cases 
(KCI and NaCl) even appreciably higher (see table III). In other 
words, it seemed as though the cell membrane in the latter case 
liad been fulh* permeable to the salts used. 

That this elimination of the barrier function of the membrane 
was relative, not absolute (as a result of injury to the cell mem- 
brane), is proved by the following observation. If er^dhrocytes 
which have been suspended, for example, for one hour in 3 M 
KaCl are transferred to a jihysiologic saline solution theyheinolyze 
instantaneously. The same phenomenon is observed if they are 
changed over into somcAvhat stronger XaCl solutions of a concen- 
tration of up to 1 31. A beautiful e.xample of this phenomenon 
is })rovided by JlgCh solutions of concentrations over 4 M, in 
which even a very slight diminution of the concentration in the 
external medium gives immediate hemolysis. In my opinion, the 
only feasible interpretation of these findings is that the theoreti- 
cally hy|iertonic or isotonic solutions ha^^ng a lower concentration 
than the starting solution mentioned above have become 11 ) 7 ) 61 - 
tonic for the erythrocytes, which are now highly saline, and which 
therefore undergo in these solutions an osmotic, paradoxical 
‘'hjjKtfonic'' hemolysis. Tor such a theory to be acceptable, how- 
ever, the membrane^s barrier function must still exist and con- 
.stitutc a relative obstacle to the diffusion outward, at least at a 
sufficient speed, of the ions inside the membrane. With permeant 
.substances of the urea type, this "paradoxical” hemolysis does 
not, of cour.se, occur. 

As early a.s 1922, Acfu, and Lorber made another observation 
wliich points to the possibility that hemol}'sis by h) 7 )ertonic 
.solutions may not be a process of a simple osmotic nature. They 
demonstrated that different neutral salts do not produce hemolysis 
in equivalent concentrations but rather with extremely varying 
osmotic pressures. Later investigators (Akagi 1930, Jodlbauer, 
1935) reached approximately the same conclusion, apparently 
being unaware of the work of Acel and Lorber, 
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According to the findings of these authors, the anion plays 
the chief part in bringing about the hemolysis effect of a 
salt, in concentrated solutions. Acel and Loeber noted that, 
in equivalent solutions of Na salts, the anions, as far as hyper- 
tonic hemolysis is concerned, can be grouped into the series 
SCN^ > J' > Br' > NO’a > Cr > SO.,'h Akagi and Jodlbauer 
observed the same order in respect of the halogenides (Jodl- 
bauee’s findings applied to both 1C and Na salts). But the 
cations also showed divergences among themselves. Jodlbauer 
constructed the series Li * > Cs • > Eb * > Na • > ]C • with respect 
to the univalent alkali cations. In this case, however, it was a 
question of differences of considerably lower magnitude. Jodl- 
bauer used the chlorides for his investigation. 

In my own investigations I have arrived at the same order among the 
anions (see tables I — II). As will be seen, the differences are consider- 
able. Molar solutions of IvSCN, NaSCN, and ICII,,SC1C all hemolyzed 
completely after three hours, and among the SO 4 salts I only obtained 
hemolysis with (NHdaSO.!, and even witli a 5 M solution it was not 
complete. Possibly LiaSO^ might also cause hemolysis in hypertonic 
solutions, but the precipitate which forms in connection with the use 
of this salt makes it difficult to carry out determinations. The order 
between the (halogen-) anions was the same irrespective of whether 
Na, K, NH 4 , Kb, Ca, or j\Ig salts were used. 

The differences between the effects of the univalent alkali cations 
were relatively small, and the order was obviously not constant in 
respect of different anions. With chlorides I noted tlie grouping 
Li • > Na • > K • > Kb •, and with iodides Kb ■ > K ■ > Li • > Ka •. 


Table I. 

Percentage of hemolysed erythrocytes after S hours in solutions 
of certain neutral salts {O.s — 5.o ilf). 





NH4C1! LiCI 

1 

NaCl 

KCl 

RbCl 

XnBr 

XaJ 

NaSCN 

0.5 M . 

0 

0 

0 

0 

0 

n 

0 

0 

_ 

J 

( 

0.76 j\I 

24 

5 

0 

0 

0 


0 

0 

0 

10 

1.0 M. 

52 

18 

5 


0 

■I 

0 

4 

10 

50 

1.2.5 M 





— 

— 

0 


— 

16 

78 

100 

1.5 M . 

100 

54 

10 

12 

7 

0 

0 

18 

100 

100 

2.0 M . 

100 

100 

12 

12 

13 

7 

4 

23 

100 

100 

2.5 M . 

100 

100 

35 

30 

24 

16 

10 

50 

100 

100 

3.0 M . 

100 

100 

02 

56 

38 

31 

30 

06 

100 

100 

3.5 M . 

100 

100 

90 

85 

55 


38 

79 

100 

100 

4.0 M . 

100 

100 

100 

100 

76 

B 

58 

100 

100 

100 

4.5 M . 

100 

100 

100 

100 

100 

B 

86 

100 

100 

100 

5.0 M . 

100 

100 

100 

100 

100 

B 

100 

— 

— 

— 
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Table II. 

'Percentage of liemdlysed erythrocytes after 3 hours in solutions 
of alkali-iodides (O. 4 — 1.6 M). 



Na.J 

LiJ 

KJ 

EbJ 

0.4 :m . . . 

. . 0 

0 

0 

0 

O.CM. . 

. . 0 

0 

0 

28 

O.SM. . . 

. . 0 

10 

IS 

100 

1.0 M. . . 

. . 16 

60 

100 

100 

1.2 M. . 

. , 54: 

100 

100 

100 

1.4 31. . . 

. . S7 

100 

100 

100 

1.0 31. . . 

. . 100 

100 

100 

100 


The bivalent ions in the Ca groujj gave a much greater ]i}^ertonic 
hemolysis effect, although the differences between the various elements 
in this group also were slight. However, I believed I could distinguish 
a series Ca • • > iMg • • > Sr * • > Ba • • (the order between the last 
two being uncertain). 

Table IH. 

ilfoZar concentration of Cl' in suspension fluid and erythrocytes. The 
estimation was made, 3 hours after human erythrocytes had been 
suspended in 1 M and 2.s M solutions of LiCl, NaCl, KOI and EbCl. 


A = molir concentration of Cl' in the outer solution. 
B — molar concentration of Cl' in the eiythiocytes. 



1 LiCl j 

XaCl 

KCl 

RbCl : 

j 

A 1 

^ 1 

A : 

B 

j 

1 

1 

® 1 

A 1 

1 

i 

1 i 

2.5 31 j 

0.90 1 
2.24 1 

0.51 i 

2.11 i 

0.S8 
2.23 1 

0.57 ! 
2.57 j 

' 0.S7 

1 2.11 

0.57 j 
2.S2 ' 

0.92^ 
1 2.31 ] 

0.47 j 
t 2.49 1 


MgCh exhibited a strange feature, in that the hemolysis did not 
appear most rapidl)' in the highest concentrations. AVhile a 3 M MgCL 
solution, for example, gave almost instantaneous hemolysis, the reac- 
tion proceeded much more slowly in higher concentrations, and in a 
5 M solution it was not even complete after three hours. Precipitates 
wMch had appeared by this time (in all probability in the hemoglobin) 
might cause one to suspect that the delayed hemolysis was only a 
seeming one, and that the remaining turbidity was due to these precipi- 
tates. A microscopic examination carried out after about ten minutes, 
when the hemolysis in a 3 M solution was complete, revealed, however, 
that the erj-throcytes in a 5 M solution were practically unaltered, and 
did not even display the changes in form generally occurring in hyper- 
tonic solutions. That the red cells in all probability were really fairly 
intact both from the physical and the chemical standpoints was also 
proved by the fact that a rapid diminution of the concentration of the 
external medium from 5 M to 4 M, for instance, caused instantaneous 
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hemolysis without any residual precipitate (as an expression of the 
plienomenon of paradoxical hypotonic hemolysis discussed earlier in 
this paper).^ In other Avords, there would seem to be a true inhibition 
of hypertonic hemolysis in concentrations of SlgClj over 3 M. I can only 
place this observation on record here, and make no attempt to explain 
it. The same phenomenon occurs, in a less pronounced form, with 
CaCl 2 , but not with MgEr, or CaBrj. 

For the rest, one has the definite impre.ssion that fundamentally 
different mechanisms may be the cause of hypertonic hemolysis in 
respect of different salts. SCIST, J, Ca, and NH, salts, for instance, 
cause colour changes in the hemoglobin Avhich are without doubt a 
reflection of a chemical alteration in the molecule. To Avhat extent 
this feature is of significance as an explanation of the phenomenon 
of hemolysis by hypertonic solutions must be left open to discus- 
sion. 

Ac^il and Lorbeu (1924) were the first to point out the striking 
conformity between the ion scries just described and the so-called 
Hofmeister series relative to, among other features, the swelling- 
promoting action of neutral salines on certain colloidal sj^tems. 
As a consequence of this observation, they believed they were 
justified in concluding that liypertonic hemolysis must come about 
as a result of a saline action on colloids forming part of the erythro- 
cytes. Most of the later investigators who have studied tliis ques- 
tion (Penati and Donati, 1938, Jodlbaueb, 1935, and others) 
have come to the same conclusion. In all probability also, there 
are good reasons for belicAung that changes in the degree of hydro- 
rophilia of the erythrocytic colloids may be the explanation of 
hypertonic hemolysis. 

With this theory as a starting point one might assume that the 
reaction in question could be brought about in one of tAA*o different 
ways, viz. through a lesion in the viemhranc by wliich the hemo- 
globin could flow out into the solution in Avhich the corpuscles are 
suspended, or through sAvelbng of the hemoglobin Avhich thereby 
would become capable of bursting the membrane. (There is also 
a third possibility, namely, that the hemoglobin molecule might 
become changed in such a way that the colouring constituent could 
penetrate out through the undamaged membrane.) 

JoDLBAUER has made an observation AA’hich is direct evidence in 
favour of the first alternative. If NaCI, for example, be added in 
increasing amounts to suspended erythrocytes hemolyzed by 
pure water, the previously clear solution first becomes opaque, i. e. 
stromata reappear (a phenomenon sometimes wrongly termed 
reversible hemolysis). When the concentration of NaCl is again 
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increased, the stromata disappear once more and the solution 
becomes clear at approximately the same concentration of saline 
at which hypertonic hemolysis is usually produced. I myself have 
also observed this feature, and I was able to establish that this 
hemolysis is not "reversible”. When the concentration of saline 
is again decreased the stromata of the corpuscles cannot be made 
to reapjiear. I have also noted that it is always very difficult to 
find any stromata in specimens in which hypertonic hemolysis 
has occurred. These findings would indicate that an actual dis- 
solution of the stromata takes place in hypertonic saline solutions. 

JoDLBAUER does not discuss this phenomenon in any detail. He makes 
one reference to Bechhold, who considered that from the theoretical 
standpoint saline solutions causing salting out of the membrane colloids 
but not of the hemoglobin ought to be able to cause hypertonic hemo- 
lysis. In m}’ opinion, such a theory is not capable of explaining the 
observation described above. If it were a question of a salting out of 
the stroma colloids, the stromata ought rather to be more plainly 
visible in hemolyzing saline concentrations than to disappear as was 
described here. 

As the most commonly known effect of strong salt solutions is their 
power to precipitate (salt out) colloids from their disperse phase, the 
idea of a dissolution of the stroma colloids under the conditions in 
question here may . seem unattracti%'e. In reality, however, similar 
phenomena have been observed in several other connections. Even 
fairly stable systems of colloids which are not readily dissolved can be 
made to go into solution precisely by using concentrated solutions of 
neutral salts. With such solutions, von Weimaen (1926 — 1927) for 
example, was able to bring about dissolution, even at room temperature, 
of substances such as silk and cellulose which are otherwise difficult 
to dissolve. It is of interest to note that the most active substances in 
his tests were found to be salts of the LiJ and Ca(SCN) 2 , type, i. e. 
combinations of ions which must be regarded as extremely active 
even when it is a question of hypertonic hemolysis. In my own experi- 
ments it was noted, for instance, that CaJo caused complete hemolysis 
almost instantaneously even in an osraotically isotonic concentration, 
and in all probability CalSCNo) (which I did not have an opportunity 
to test) would be still more hemolytically active. 

The possibility that swelling (increased hydration) of the hemo- 
globin is the explanation of hypertonic hemolysis is at present 
nothing more than a h}’pothesis. Theoretically spealdng, however, 
it is not beyond the bounds of possibility. Takei (1921), and later 
Honati and Penati ( 1938 ), have shown in connection with hema- 
tocrite tests that the red cell volume, wdth increasing concentra- 
tions of NaCl in the surrounding medium, decreases at first (a 
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feature to be expected from tbe standpoint of the osmotic theory), 
but that after reaching a minimum value at approximately four 
times isotonia it again increases, attaining a level close to the 
starting values in pre-hemolytic concentrations. This phenomenon 
may, however, have some connection with the increasing amount 
of saline penetrating into the erythroc 3 d;e, and in all probabihty 
it can not be arbitrarily interpreted as swelhng of the hemoglobin. 

In this connection the microscopic appearance of the process of 
hemolysis by hypertonic solutions is almost puzzhng. I attempted 
to study the effect of high concentrations of saline, from the 
morphologic standpoint, by placing a drop of 5 N NaCl on the 
edge of a "native” sample (a sample of capillary blood without 
an anticoagulant, using a coverglass and an object glass). I^Tien 
the hypertonic solution streams in, the erythrocytes assume to 
begin with the typical flattened, abruptly folded (never "crena- 
ted”) shapes Avhich in all probability are evidence of the diminu- 
tion in volume seen in connection with osmotic dehydration, and 
Avhich also appear in the hematocrite experiments mentioned in a 
preceding paragraph. Just before the hemolysis begins, however, 
the corpuscle suddenly begins to swell (the swelling often being 
localized, at first, at some part of the edge of the cell body), 
and very rapidly becomes spherical. The hemolysis then takes 
place. The whole procedure, with its extremely rapid swelling, 
is strongly reminiscent, in fact, of the picture seen in hemolysis 
with distilled water, and it is difficult to beheve that it can be 
due to a successive increase in the hydration of the colloids. In 
any case, it is here a question of a genuine .swelling easy to dis- 
tinguish from the formation of spherical “microcytes” often seen 
in isotonic solutions when the corpuscle comes into contact with 
the surface of the glass. 

In other words, it looks as though hemolysis by hypertonic 
solutions were a rather complex process. In any event, it seems 
fairly certain that neutral salt, in sufficiently concentrated solu- 
tions, passes rather rapidly into the erythrocyte at the same 
concentration as that in the suspension fluid, the resistance con- 
stitued by the membrane’s impermeability to the cations thus 
being OA'^ercome, although this obstructing function is not ehmi- 
nated irreversibly. A gradual dissolution of the stroma colloids 
seems to take place, but it looks as if it were not this phenomenon 
but rather a swelling of the contents of the erythrocyte that is 
the direct cause of the type of hemolysis under discussion. 
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II. Clinical Observations. 

The only investigation known to the writer which touches upon 
the subject of the possible clinical significance of h3^ertonic 
hemolysis has been carried out by Penati and Donati. They 
did not study the actual phenomenon of hemolysis, however; 
their attention was directed rather towards the changes in the 
red cell volume occurring in pre-hemolytic concentrations. Their 
clinical material included normal subjects, cases of pernicious 
anemia and simple hypochromic anemia, and of familial acholuric 
jaundice (hemolytic jaundice) and cirrhosis hepatis. They observed 
only very sbght variations in the appearance of the volume curves 
in the different illnesses. A feature of some interest in connection 
with my results is that the swelling phase preceding the hemolysis 
in the curve relative to the hypochromic anemias showed a ten- 
dency towards higher concentrations when compared \vith the 
curves obtained from other illness groups. 

I myself have investigated the hypertonic hemolysis effect in 
concentrated NaCl solutions, using not only normal subjects but 
also a iion-selective clinical series of 150 patients with different 
illnesses from the medical wards, and finally a selected series 
comprising cases of hemoljdic jaundice, pernicious anemia, acute 
hepatitis, polycythemia, and h}’pochromic anemias of diverse 
origin. 

The following is a description of iny general method. 

I used for my investigation citrated venous blood in concordance 
with the Westergren method for the erythrocyte sedimentation 
reaction. Twenty cmm. of whole blood were added to 4 ml. of NaCl 
.■solution. After this suspension had been standing for three hours at 
room temperature tlie unhcmol3'zed crythrocj'tes were centrifuged 
down, the supernatant fluid pipetted off, and the hemoglobin in this 
fluid transformed into reduced hemoglobin with sodium hydrosulfite 
after it had first been alkalized with jS’allCOs. The e.xtinction value for 
this solution was read off in a Pulfrich stufenphotometer with a violet 
Ss6 filter. The values found were expressed in per cent of a control 
solution with complete hemolysis in O.i per cent HjN /ro?n the same 
sample of blood. (A calibration curve determined empirically had 
to be used.) 

The results in control tests using erythrocytes washed with physio- 
logic NaCl, and blood without anticoagulant (capillary blood) did not 
deviate in essentials from those obtained bj^ the aboA'e-mentioned 
technique. 

For the tests in wliich tlie liypcrtonic hemolysis effect in connection 
Avith different salts was studied, certain alterations had to be made in 

5 — 'i /OOUt). Acta phys. Scandinav. Vol. 7. 
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the technique. With some salines (e. g. the Li salts) % 7 hich give precipi- 
tation -mth sodium hydrosulfite, the hemoglobin determinations were 
made •without reducing the oxyhemoglobin. In a fe-w solutions (EbCl 
in concentrations over 3 M, and KBr over 3 M) the specific gravity of 
the erythrocytes even after 3 hours remained lower than that of the 
solution, and the cells could therefore not be thrown down by centri- 
fugation, In these instances the degree of hemolysis -was determined by 
measuring the extinction values for the dispersion of the remaining 
erythrocytes with a red Sgo fitter, as compared -with a sample containing 
suspensions of unhemolyzed red corpuscles. The last-named method 
in particular implies a considerable likelihood of error in the form of 
the altered relative indices of refraction in erythrocytes at high saline 
concentrations and these values can therefore not be regarded as ha\ang 
any great degree of accuracy. 

By means of an examination of ten healthy normal subjects the 
values relative to hypertonic hemolysis -with NaCl, sho^vn in table I, 
was determined. Similar complete hemolysis curves were also plotted 
from a few of the pathologic cases, two patients being taken as a rule 
from each illness group. 

In order that the work of estimation in connection with the clinical 
material should be as simple and methodical as possible, the degree of 
hemolysis with NaCl, at concentrations of 2.5 N and 4 N after three 
hours, was' determined in respect of thirty normal subjects. With these 
concentrations it was foimd to be 24 ± 6.3 per cent and 76 ± 8.7 per 
cent, respectively. The degrees of hemolysis at these two concentrations 
■were taken as being representative of the appearance of the hemolysis 
curve, and they were used as a basis in estimating the material. 

With, regard to the result of the clinical investigation I need 
say little, since in most of the illnesses examined the hypertonic 
hemolysis values were -within the normal variation limits. The 
only exceptions were found in connection -with a group of anemias 
•with a very low colour index. The foUo-iving features of interest 
may be mentioned. 

1. In 6 cases of famihal hemolytic jaundice {of the classical 
type) in which the erythrocytic resistance to hypotonic solutions 
was definitely lowered, the resistance to hypertonic saline solu- 
tions was normal, 

2. In 12 cases of pernicious anemia, in the untreated stage, 
the values were arbitrarily distributed -within the normal limits. 
In 3 instances the resistance was studied four times during the 
course of the treatment without any alteration in the values 
being observed. 

3. In 3 cases of polycythemia vera, 11 of acute hepatitis, 

4 of cirrhosis hepatis, and 8 of obstructive jaundice the values 
y^'Bxe also normal. 
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Fig. 1. Dfgrco of Lomolyfi.'! in fi -1 M solution of XnCI nfter 3 hour."! in 34 cases 
of liypochromic-normocLromic anemias, and 12 cases of pcniicious anemia. Tlio 
cases are distributed with respect to colours index. A correlation e.\-i.sts at least 
for index values below 1. Xo correlation whatever was found to the red cell count 
or hemoglobin percentage. X indicalc.s the medium level of hemolysis (at the levels 
ofstandard deviation) in 30 normal cases. O F''It'-c:ous nneraia. Si Other nnemins. 

4. The only category in which noticeable divergences from the 
normal values could be established was the group of hypochromic 
anemias, which for my purpose embraced all the cases with a low 
colour index, e. g. anemia sidcropcnica simplex, and anemia due 
to cancer, infection, or hemorrhage. In these instances the resis- 
tance was on the whole higher than normal, this feature being 
most apjjarent in the values from tlie 4 M NaCl concentration. 
From figtirc 1 it will be seen that the resistance to hj'pertonic NaCI 
solutions seems to increase with a falling colour index. Otherwise, 
there were no signs of relationship Tnth any definite illness. Of the 
5 cases sliowing the highest resistance (lower than 50 per cent 
hemolysis with a concentration of 4 N ITaCl), 3 had anemia sider- 
openica simplex, 1 carcinosis, and 1 Osier’s disease with protracted 
inte.stinal hemorrhage. 
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It seems within reason to endeavour to link this feature up 
with a possible genuine decrease in the relative hemoglobin con- 
tent of the er-^hrocytes, in these h}’pochromic anemias. In view 
of the uncertainty still prevailing regarding the factors essential 
to the origin of liyjiertonic hemolysis, however, it is perhaps 
wisest to refrain for the present from attempts at an explanation. 

Summary. 

An investigation on hemolysis by hyjiertonic solutions of neutral 
salts has proved that the phenomenon occurs Avithout any regard 
to the so-called impermeability of the red cell membrane to cations. 
With concentrations in which hemolysis is produced, alkali 
chlorides, at least, penetrate almost in their entirety into the cell 
interior within a short space of time. 

In this connection a description is giA'cn of a phenomenon not 
'preAuously reported, which has been termed paradoxical h}T)otonic 
hemolysis. 

Earlier observations concerning the significance of the ion series 
in the processes of hemolysis discussed in this paper have been 
confirmed in the main. 

In a clinical investigation, the erythrocytes Avere found to possess 
normal resistance to h}’pertonic solutions of NaCl in a number 
of diseases of interest, among others familial hemolytic jaundice. 
DiA’^ergences from the normal A^alucs Avere only noted in connec- 
tion Avith hypochromic anemias of diverse origin, in Avhich the 
red blood corpuscles shoAved a raised resistance to h}’pertonic 
solutions of NaCl. 
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There seems to have been little research into the question of 
the metabolism of glycerol, probably because of the lack of suit- 
able methods of analysis. As I have devused a method of glycerol 
analysis for another purpose (1943), a method capable of aji- 
plication to series determinations on blood, it ^vas so to say the 
obvious cour.se to make use of it in an investigation into glycerol 
metabolism. 

The method is based on an extremely sensitive colour reac- 
tion, which is specific for glycerol and is brought about by heat- 
ing it with anthron and sulphuric acid. This reaction has been 
employed for the colorimetric determination of glycerol in aqueous 
extracts of parchment paper (F. Senuxz, 1938). 


Technique of Method. 

By niean.s of a pipette 0.2 ml whole l)]oocl (or 0.2 ml o.xalate jolasma) 
is transferred to 2.5 ml distilled water in a centrifuge tube. Add O.J ml 
basic lead-acetate solution (Goul.akd’s extract prepared according to 
Peters and vax Slyke 1932), 0.4 ml of a 5 % solution of zinc snl- 
pliate and 0..5 ml of O.-^o n. sodium liydroxyde. Shake after adding 
each component. Centrifuge after standing at least five minutes. De- 
cant the clear, colourless fluid into a conical centrifuge tube. At this 
stage the samples may l)e .stored in the refrigerator for 24 hours with- 
out affecting the result of the analysis. The excess lead is removed by 
adding a small drop of saturated carbonate of soda and renewed cen- 
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trifuging. Of tlie clear fluid transfer 2 ml by pipette into a Pyrex test- 
tube,^ and add 4 ml of a fresh solution of anthron^ in concentrated sul- 
phuric acid (O.i mg per ml). Add the same quantity to 2 ml standard 
solution (O.fl— 2.0 or 5.0 mg%) and to 2 ml water. After thorough 
mixing cover the tubes with tinfoil and place for 10 minutes in an 
oil bath maintained at 170—175°, Thi.s will produce a beautiful red- 
orange colour ^yith green fluorescence when glycerol is present. Com- 
pare colorimetrically according to Burker’s principle. The precipita- 
tion fluids have a low blank value (O.i — 0.2 mg%), which is deter- 
mined separately and subtracted. 

In experiments to find known quantities of glycerol added to blood 
the mean error of a single analj'sis i.s found to lie at about 3 %. 

There being good reasons for believing that the liver plays 
a role in glycerol metabolism, I first experimented wth a seiies 
of glycerol administrations both to patients with a healthy liver 
and to liver patients, for the purpose of determing whether the 
rate of decrease in blood glycerol after glycerol administration 
if of any value as a liver-function test. 

The technique was as follows: To the fasting patient I admin- 
istered 0.64 g glycerine per kilogramme. (In practice I gave the 
patients Ya nil glycerinum bidestilatum “Merck” pro kg body 
weight). It was administered in ten times the volume of water. 
A blood sample was taken from the ear just before and five times 
in the course of 27 s — 3 hours after the glycerol administra- 
tion. 

The blood glycerol curve (figs. 1 and 2) describes a course 
that is reminiscent of a blood alcohol curve after alcohol admin- 
istration, as in all cases the concentration in the blood after 
one hour decreases quite rectilinearly. Consequently it must be 
justifiable • — as with alcohol — to assume that absorption and 
distribution in the organism are complete after one hour, so that 
the first part of the curve may be regarded as the resultant of 
absorption, distribution and elimination, whereas the remaining 
part is purely an elimination curve. This can be characterized 
by its rate of descent and its point of intersection nith the ordi- 
nate. The first expressed as the fall in concentration in per mile 
per minute corresponds to Widmark’s factor ^ (Widmaek 1932). 
The second indicates the concentration that would have been 
obtained immediately after the glycerol ingestion if absorption 

1 Anthron is prepared by moans of a %renk reduction of anthracliinon in acetic 
acid solution with granulated tin and fuming nitric acid after Liebeiijia>'X and 
GiMBEt, (1887). 
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Figs. 1 and 2. Glycerol Concentration of the Blood in tn'o Patients 
after Oral Ingestion of Glycerol. 


and distribution had proceeded instantaneously. From this figure 
it is possible to calculate "what fraction of the total mass of the 
organism acts a a solvent for glycerol like the blood. This frac- 
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tion, which after Widhark is denoted by r, is calculated accord- 
ing to the equation 

G = p • r • c,, 

WJierc G = the quantitj’’ of gl 3 ’’cerol in g, 
p = the body weiglit in kg, 
c,, == the concentration in ®/oo at 0 hours. 


Table 1. 

Glycerol Ingestion 0.,u gjlcg Except Patient No. 6, 
leho received 0.4.-, g/kg. 



Weight 

hg 

c, 

0/ 

■‘Oft 

■ 

mm 

BH 

r 

g/kg/M 

Hingno.sis 

Age 

L * _ 

1 

08.5 

1.1 s 

o.ic 

O.nojD 

0,002.3 

Scinticn 

41 

o 

2 

70.S 

l.OP 

0.50 

0.004S 

0,0024 

.Sciatica 

36 

S 

3 

03.2 

1.10 

0.49 

0.0052 

0,0025 

Sciatica 

37 

0 

4 

57.0 

l.M 

0.4S 

0.O057 

0.0027 

3l5*algiR 

48 


«) 

05. 1 

1.20 

0.4.i 

0.0040 

0,0022 

Mb, hasctloini 

29 

9 

C 

58.0 

(O.RO) 

0.50 

0.0051 

0.0020 

Jib. Bascclowii 

65 

0 

i 

00.0 

0.04 

0.5S 

0.005G 

0.00,32 

Diabetes mellitus 

30 

i 

8 

74.0 

1.21 

0.45 

0.0054 

0.0024 

Obstructive jaundice 

53 

g 

9 

.54.0 

1.01 

0.52 

0.004.S 

0.002.7 

Sub-ictcru.s 

44 

0 

10 

03.( 

O.OG 

0.50 

0.004S 

0.0027 

Acute hepatitis 

43 

o 

11 

58.1 

O.O-l 

0,.)S 

0.0045 

0.002G 

Cirrliosis hepatis 

55 

2 

12 

54.:! 

O.SS 

0.G2 

0.0035 

0.0022 

Cirrliosis hepatis 

58 

(? 


In addition to C'o, r and fi Table 1 contains the velocity of 
elimination r • /J expressed in g/kg/min. Taking all the tests to- 
gether it will be seen that the mean of r is 0.52 with a dispersion 
that is at any rate no greater than for alcohol. For alcohol the 
average for both sexes is O.Gl. The average values for /? are 
0.00-]!) and 0.0025 respectively, so that the velocity of metabo- 
lism in 2 /kg/min. is 0.0020 for gI\*cerol and 0.0015 for alcohol. 
No account is taken here of the excretion, Avhich for alcohol is 
insignificant as the alcohol will be found in the same concentra- 
tion in the urine as in the plasma, and the loss of alcohol through 
the expiration air will be of importance only in cases of excessive 
ventilation. For glycerol the loss is somewhat larger and amounts 
to about 10 % of the elimination, as found in experiments 1, 4 
and 12, where the urine excretion in the period from 60 to 180 
minutes was determined at 0.00025, 0.00024 and-0.00026 g/kg/min. 
respectively. 

It is also to be seen from these experiments that there is no 
indication that the glycerol curve would be clinically useful as a 
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liver function test (cp. Tests 1—4 vdth 8—12). Of the onlj two 
cases of li}'perthyreoidism one has a high, the other a low veloc- 
ity of metabolism. The highest velocity observed was that of 
patient No. 7, who has diabetes. This calls for further experiments 
on diabetics. 

These results also call for a further comparison between gly- 
cerol and alcohol metabolism. Lundsgaard (1937), partly by 
means of artificially perfused isolated livers and hinddeg prepa- 
rations, partly vdth the aid of ex^dscerated animals, has shown 
that the alcohol oxydation takes place almost exclusively in 
the liver and that the oxydation of alcohol does not take place 
in the muscles. He has also shown that the alcohol metabolism 
in the liver is a partial oxydation which leads to the formation 
of an organic acid, probably acetic acid, which presumably is 
further ox}'dated in the tissues. 

The following experiments are a partial repetition of Lunds- 
gaard's experiments with glycerol instead of alcohol. Cats nar- 
cotized with chloralose (5 cg/kg) were used in these experiments. 

Table 2. 

Glycerol Experiments on Cats. 


Elimination 


Xo. ' 

IVcight 

kg ■ 

1 

i 

r 


XL/llUJfl 

g/kg/min. 

, mg/min. 

1 ! 

a.j ; 

O.JI 

0,0059 

0,0032 

10.7 

2 ’ 

.s.s 

0,45 

O.OOSl 

0,0030 

13.9 

3 

2.7 

0,57 

0 

0 

0 

: 4 

2.9 

0,50 

. 0 

0 

0 

o 

2.0 

0,52 

O.ooos 

0.0004 

1.0 


Cats No.s. 1 and 2 were nephrectomized, partly to eliminate 
any loss of glycerol through the urine, partly that they might 
serve as a better basis for comparison with Cats Nos. 3, 4 and 5, 
which were abdominallv exviscerated. All the animals received 
r.2 g glycerol intravenously at 0 hours except No. 6, wliich was 
exviscerated only and served for control purposes. 

It will be seen from experiments 1 and 2 that the rate of me- 
tabolism was again constant and independent of the blood con- 
centration. In one test (No. 2) it can be seen that even after 10 
minutes there was no even distribution in the animal; it can 
also be seen thfit at very low concentrations the rate of decrease 
does not follow the straight line curve but becomes slower. The 
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Kip. n. KliminAtion Cnrvr*> from t)ir Kiperimcnt* in Tnt»I«j 2. 


qiinntity of glycerol rcninining. which wa« thus cataboli/'red more 
slowly is so srnnll in })roportion to the nd ministered quantity 
that it is of no ])ractical importance to the calculation of the 
velocity of metabolism, and therefore it is disregarded. The 
mean r value is the same as for human beings, whereas the rate 
of metabolism in g/l:g/min., i. e. r •/!, is about 30 % higher than 
for man. 

The o\wiscerated animals do not metabolize glycerol, the 
blood concentration being unchanged in one case (No. 3), slightly 
falling in another (No. b) and .^lightly rising in a third (No. -i). 
During the cxqierimcnt three of the animals (Nos. 3, 4 and 6) 
received a constant infusion of glucose (10 mg/min.) in order 
to prevent the fall in blood .sugar which otherwise would occur 
in the Iiopatectomir.cd animals. These three had increasing blood 
sugar. However, the increase in the glycerol concentration in 
the one case cannot be due to the rise of the blood sugar, as I 
)mvc ascertained by glycerol nnalyse.s on blood with various 
quantities of glucose added, but must be due to an accumula- 
tion in the Idood of other products as a consequence of the abnor- 
mal metabolism. TJie control experiment (6) also supports this 

contention. 
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Accordingly, these experiments show that the glycerol meta- 
bolism must, in any case primarily, be dependent on the function 
of the excised organs, and thus it is natural to suppose the liver 
as the seat of that metabolism. As I am not master of the tech- 
nique of liver perfusion experiments, Professor Lundsgaard 
made them for me, and I would here express my thanks to him. 
The technique was described by Lundsgaard, Nielsen and 
0ESKOV (1936). Moreover, the oxygen consumption was deter- 
mined by a photoelectric measurement of the oxygen in the ve- 
nous blood, as recently described by Lundsgaard (1942). By 
this means a considerable drop in the oxygen consumption of 
the liver is observed in the first 30—60 minutes after perfusion 
begins, whereafter it remains almost constant. 


Table 3. 

Liver Perfusion Experiment. 


i No. 

1 

ni 

2 

3 

1 

1 

Rate of glycerol metabolism mg/min. . 

3.00 

3.49 

6.25 

7.90 ; 

Computed oxygen consumption resuming 
! complete oxydation of glycerol meta- 
j bolized ml/min 

2.56 

2.97 

5.33 

1 

' 

1 

6.73 { 

! Oxygen consumption found ml/min, . 

2.00 

2.25 

3.25 

3.35 i 

: Liver weight, g ... 

70 

78 

100 

86 , 
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In each test 300 mg glycerol were added to the perfusion blood. 
In experiments 1 and 2 the addition was not made until after 
the oxygen consumption had become constant. Here again the 
curves have a rectilinear course, and the rate of metabohsni 
averages 3.25 mg/min., which is about 25 % of the metaboMsm 
in an intact animal. Under corresponding experimental condi- 
tions X/UXDSGAARi) found that the alcohol metabolism in the 
isolated liver was about 60 % of that of an intact animal and he 
ascribed this to the initial fall in the oxygen consumption. I 
therefore added the glycerol shortly after perfusion began, i. e. 
under decreasing oxygen consumption, the result being that these 
experiments (Nos. 3 and 4) gave a much higher rate of meta- 
bolism for glycerol, about 60 % of that of an intact animal. 

The addition of glycerol causes no great increase in the oxygen 
consumjjtion of the liver. If the catabolized quantity of glycerol 
were comjdetely oxydized, the oxygen consumed by this alone 
would clearly exceed the liver’s real oxygen consumption, as 
will appear from Table 3. Tlie oxydation in the liver must, there- 
fore, be incomplete. 

A partial oxydation would cause a fall in the respiratory quo- 
tient. The most likely i)artial oxydation would be a conversion 
to glucose, wliicli requires a much lower consumption of oxygen 
than for total oxydation (14 %). Provided that the whole of 
the glycerol is converted into carbo-hydrate without an increase 
in the total oxygen consumption, everything else being equal, 
the RQ will be reduced, e. g. from 0.70 to 0 . 59 . In a single test, 
in which the RQ was determined before and after the admin- 
istration of the glycerol, I was unable to demonstrate any change 
in RQ, whereas in Luxdsgaard’s alcohol experiments it fell 
from 0.G9 to 0 . 37 . It should be observed, however, that the fall 
in the RQ which under the same circumstances one would expect 
to find when alcohol is oxydated to acetic acid is about four 
times as great as when glycerol is converted into carbo-hydrate. 
When it is considered that part of the glycerol is undoubtedly 
oxydized completely with a respiratory quotient (0.86) which 
lies above the normal of the isolated liver, it is no wonder that 
the addition of glycerol results in no distinct change in the quo- 
tient. No pi'oduction of acid can be demonstrated during the 
glycerol metabolism, the alkali reserve being constant. 

Owing to the disagreement between the rate of metabolism in 
the isolated liver and in the intact animal, the possibility cannot 
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be excluded that glycerol is also broken down in the intestine 
For the purpose of approaching this problem a little nearer an 
experiment was made by perfusing an isolated cat intestine with 
blood to which glycerol was added. JTo definite change was ob- 
served in the glycerol concentration, but the intestinal function 
undoubtedly suffers under perfusion, as oedema sets in rapidly 
with sanguineous exudation into the lumen. I therefore tried 
leaving out the liver without compromising the circulation of the 
intestine. With a G-shaped glass cannula I connected the portal 
vein and the right renal vein, thus making a kind of Eck’s fistula. 
At the same time the hepatic artery and the right renal arterv 
were ligatured and the left kidney was removed. The animal 
received heparin intravenously just prior to the setting up of 
the anastomosis, and glucose was infused constantly as in the 
case of the exciscerated animals. After the experiment there was 
no stasis in the portal region, and the intestine had a perfectly 
natural appearance with no exudation into the lumen. 



Fig. 5. Elimination Curve of Hepatectoniized Cat. 

Fig. 5 shows the result of an experiment of this kind. Here 
again the curve is horizontal at first, whereupon the values rise 
as in one of the experiments with exviscerated animals. It would 
seem that in hepatectomized animals a substance accumulates 
in the blood which has a colour reaction like that of glycerol. 

For comparison brief mention may be made of earlier experi- 
ments by Ledeker (1936). The glycerol method he used is based 
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on a reduction of bicliromate in sulphuric acid. The so-called 
chrome index of the plasma is determined by means of titra- 
tion of the excess bichromate; by subtracting from this the value 
corresponding to the glucose content the so-called residue index 
is reached. The increase of the glj^cerol content is then calcu- 
lated from the difference between the "residue index” before 
and after the administration of the glycerol. 

Employing this somewhat uncertain method Lederer studied 
three intravenous injections of glycerol in dogs, 1 g glycerol 
per kg; four blood samples were taken during the first 90 minutes. 
By plotting the results into a coordinate system it is found that 
two of the curves are rectilinear and have the same inclination, 
the third one being more irregular. I have calculated the r values 
at 0.G6, 0.44 and 0.33 and the velocity of metabolism at 11.1, 
13.7 and 9.4 mg/kg/min., that is to say they are three or four 
times as high as in my own experiments on man. Perfusion of 
dog livers by Lederer gave metabolic values of 7.4 and 29.3 
mg/min., but in a control test without glycerol there was a mark- 
ed rise in the "residue chrome index”, so that in reality the me- 
tabolism must be assumed to have been much greater. Thus the 
results of Lederers experiments, through carried out with a 
primitive technique for glycerol determinations correspond in 
some respects to mine. 

Summary. 

There is a distinct similarity between the metabolism of gly- 
cerol and that of ethylalcohol. This similarity is recognizable by 
the fact that: 

1) The elimination curve is rectilinear, i. e. the rate of gly- 
cerol metabolism is constant, and independent of the blood con- 
centration. 

2) The glycerol metabolism is localized exclusively, or al- 
most exclusively in the liver. 

3) At most a fraction of the glycerol can be completely oxy- 
dized in the liver, while at least the larger fraction must be in- 
completely oxydized. 
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Introduction. 

In 1937 Ham:marsten published a series of animal experiments, 
for which the control animals had been reared on a well-defined 
diet, nr 211, producing fine and well-grown animals. This diet 
contained 15 % casein as the primary source of proteins. In order 
to obtain optimal growth a further 5 % casein was given to the 
pregnant and lactating females and to the young animals at the 
time when growth was most rapid. Borgstrom (1941) used a 
modification of diet 211 and obtained still better and stronger 
animals. When comparing Borgstrom's diet and nr 211 we find 
that the latter must have contained a “sub-optimal” amount of 
one or more of the B Autamins (aneurin or lactoflavin). W ithout 
increasing the protein content (15 % casein) Borgstrom by aug- 
menting the supply of vitamins Bi and Bj thus produced better 
animals than Hamjiarsten. A comparison between the growth 
results from these two diets shows that there is a possibility of a 
plentiful suppl}^ of B ■sdtamins facilitating the protein metabolism 
to such a degree that a smaller protein content is sufficient to 
obtain optimal growth. Tliis problem, important from the nutri- 
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five and physiological as well as from the economical point of 
%*iew. will be dealt with below. 

The aim of the present study ha.s thus been to investigate the 
possibility of obtaining optimal growth by means of an ample 
supply of B vitamins with a relatively low protein content. In 
our country a suitable diet should, from an economical point of 
view, furnish the greater part of the energj’- supply in form of 
carbohydrates. "We know by experience that a diet, rich in carbo- 
hydrates, requires above all a good supply of Bi vitamin. As 
aneurin in its function is bound up with lactofla^^n as well as with 
nicotinic acid amide, it is necessarj’ to pro\ide a sufficient supply 
also of those vitamins. 


Experimental Data. 

Growth Experiments. Series A. 

Mixed diets were prepared for 5 groups of animals. The ingredients 
were bought at the same time. The basic diet A of group I corresponds 
to diet 1 b in Borgstrom’s above-mentioned study (See Table I). 

Diet n of group IT: Basic diet A 2 mg aneurin-hydro-chloride/kg 

food. 

n nr )> '» 111: >' '• A -b 2.5 rag lactoflavin/kg » 

n* !' ■' TV; t) :> A -r Vit. Yit. B. as in II and 


f Y » t» 

Y i> 

-> .A. -f addition of 5 % 

III resp. 

casein. 

Rice meal 

Table I. 

Composition of diets in series A. 

Basic diet A = Diet I 
Parts by weight 
COG 

Diet V 

Parts by weight 

646 

CaBoin 

. . . * 

150 

200 

Peanut oil . . . . 

» • • • 

37 

37 

Ck)d-Hvcr oil “Leo” 

• • • • 

.... 3 

3 

Wheat germ . . . . 

* • • • 

.... 30 

30 

Sugar 

• • * • 

.... IS.C 

18.G 

Hip meal 

• • * * 

.... 

5 

Brewer’s yeast (cliy) 


.... 30 

30 

Salt mixtriro . . . 


.... 30.4 

30.4 



1 000 

1 000 


6 — 'i-iOODD. Ada phvs. Scandiiiav. Vol.7. 
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Table H. 

Salt mixture. 


Sodium chloride (NaCl) 

Sodium sulphate (Na.SOi, 10 HjO) . 
Prim, potassium phosphate (KH.PO.,) 

Calcium lactato 

Ferric citrate 

Magnesium oxide (3IgO) 


Parts by weight 
83 
148 
78.1 
250 
35 
48 
642 


The percentage of nitrogen, 
mg/gr dried food was: 


calcium and magnesium of the diets in 
Diets I— IV Diet V 


N 37. s 2 44.84 

Ca 2.52 2.S1 

Mg 1.10 1.43 


(Elementary analyses performed after wet combustion.) 


For estimation of the idtamin content in the basic diet see account 
by Hammabsten (1937). 

Strong female rats (albinos) of the stock from the Institute of Medical 
Chemistry were chosen and covered simultaneously. Among their 
litters 20 young females of the same size were chosen for each group. 
Individuals from each separate litter were distributed among the 
various groups. From the age of 4 weeks they were fed on the various 
food mixtures. The food was mixed with water to form a dough, and 
the animals were allowed to eat as much as they wanted. They were 
given tap-water to drink. The rates of grovi;h were observed. During a 
period of 20 weeks every animal was put into the “metabolism cage” 
for three weeks. During this time the amount of food supphed was 
weighed and the faeces and the urine were collected for analysis during 
the last two weeks. One pair of animals from each group was thus ob- 
served for three weeks until all the animals had been observed. At the 
end of the investigation we found, however, that all the groups had 
grown equally. The experiment had started in the summer of 1941. 
At this time there were already great difficulties in finding sufficiently 
pure ingredients for the diets. The only way of explaining the results 
of the experiment is to assume that the basic diet A already contained 
an optimal — or nearly optimal — amount of B vitamins. They further 
indicate that an augmented supply of proteins has not produced any 
better grovrth. In order to check that the increase in weight was not 
due to an increased accumulation of fat in any one group the increase 
in length was also measured. The quotient — weight: len^h of back — 
gave corresponding values for all groups (length of back being the dis- 
tance from nose to root of tail). The age of the animals at the end of 
the experiment was 36 weeks. 
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Table III. 



Series A. 


Group 

Weight in grams 

M fM n 

Quotient 

weight to length of hack 

I . 

239-1-9.0 20 

10.7 ± 0.31 

II . 


lO.S 4- 0.31 

Ill . 

240-1- 5.0 20 

10.5 ± 0.19 

IV . 

240 ± 4.4 20 

10.5 ± 0.19 

V . 

240 5.9 19 

10.0 ± 0.20 


We have not made a closer analysis as to the Ca and Mg balance 
of the results from the metabolism experiment in series A, as a 
rough estimation showed that we got similar results there too. 
The nitrogen metabolism from the balance experiments is seen 
in Table IV. 

Although the final weights of the animals were the same and 
the amoimt of food consumed had been the same during the 
balance experiments some differences in the nitrogen balance 
between groups III and V can be detected. In group III, which had 
been given an extra supply of lactofla-vdn, the retention of nitro- 
gen was greatest. Group V, the food of wliich contained 5 % more 
casein than the other groups’, has retained, absolutely taken, 
exactly the same amount of nitrogen as group I. This amount of 
nitrogen is thus either optimal for the metabolism of the animals 
or represents the maximum amount of nitrogen which can be 
digested with regard to the composition of the food (f. ex. the 
amount of vitamin B). When calculated in per cent the nitrogen 
retention in group V is however lower than in group I. That these 
animals burn more N products is evident from the higher nitrogen 
values in the urine. As regards group V one might thus talk about 
a superfluous consumption of proteins. It is possible that the 
growth of group V might be still further increased over that of 
group I by giving an additional supply of ^dtamins Bi and Ba 
together with the higher quantity of proteins. This question can 
only be decided by further experiments. It should be kept in 
mind, however, that hereditary factors finally exert a limiting in- 
fluence on optimal growth even under the best growth-inducing 
external conditions, 

Tne faecal output of nitrogen in per cent of the nitrogen intake 
is for all the groups of about the same quantity. The differences 
become still less if the N values are expressed in per cent of faeces 
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excreted. Faecal nitrogen is composed of three main components; 
Kon-absorbed nitrogen from the food, nitrogen from the digestive 
secretions and nitrogen originating from the intestinal bacteria. 
As it is impossible to decide the inter-relations of these components 
within the different groups from the present data, we have re- 
frained from a statistical arrangement of them. The values given 
here show, however, that there cannot have been any real differ- 
ence between the various groups regarding the intestinal enzyma- 
tic procedures or the absorption. AVe have on the other hand 
worked out the values of nitrogen in urine, expressed in per cent 
of the nitrogen consumption. Tliese values show how much 
nitrogen has been burned by the organism, and are thus of greater 
importance than the faecal nitrogen values. AVe are fully aware 
that the metabolism also includes the nitrogeneous substances 
of the body proper and not onl}' those given with the food. If the 
metabolism of nitrogeneous substances is calculated in the above- 
mentioned way, we find a statistically significant difference be- 
tween groups I and III (Diff. = 4.0 i 2.05), groups III and V 
(Diff. = — G.5 ± 1.84) and groups lA’' and V (Diff. = — 4.0 i 

1.7). The nitrogeneous ingredients of the food are best utilized 
and best retained in group III (additional supply of lactoflavin) 
just as the relatively highest metabolism and lowest retention is 
found in group Y. 

These experiments show the conditions for nitrogen metabolism 
in the grown animal. The main period of growth was over before 
the beginning of the balance experiments. 


Growth Experiments. Series B. 

In autumn 1942 a new series of animals — Series B — including 
50 young female rats 4 weeks old, was put up and divided into 5 
groups. By excluding wheat germ and yeast the basic diet was 
made to contain a considerably smaller amount of B vitamins. 
For the rest this diet — basic diet B — is composed of the same 
ingredients as basic diet A. 

The experiment was conducted as in Series A, that is the young 
rats were taken from their mothers when 4 weeks old and divided 
into different groups. The growth experiments proceeded for 20 
weeks, at the end of which the animals were about 170 days old. 
This time the experiments showed a clear difference in growth 
as is seen from Table A^. 
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Table T a. 

Gomposiiion of diets in series B. 


Rico meal 

Casein 

Peanut oil 

Cod-liver oil “Leo” . . . 

Sugar 

Hip meal 

Salt mixture (See Table II) 


Basic diet B = diet YI Diet X 
Parts by weight Parts by weight 
. . 696 646 

• • 150 200 

. . 37 37 

. - 3 3 

• - 1S.6 is.e 

- ' o 5 

• - 30.4 ^ 30.4 

940 940 


Table y b. 


Composition of diets in series B. 

Diet nr 

VI Basic diet B 

VII » » B + 4.0 mg aneurin-hydro-chloridc/kg food 

VIII » >> B + 5.0 mg lactoflavin/kg 

IX n I) B -h Bj as in TO and B. as in VIII 

X '■ i> B + additional supply of 5 % casein. 

Table VI. 

Series B. In each group 10 animals. 


AVeight of animals at different ages, grams. Food consumed and growth per gram 

of food consumed. 


Group ; 

VI 

ATI 

VIII 

IX 

X 

Diet: 

B 

B +aneurin 

B + lacto- 
flavin 

B -faneurin 
+ lacto- 
flartn 

B + 
casein 

Age in weeks 


Weight, AI ± 

eM. 


4 

49 ± 2.1 

49 ± 2.2 

49 ± 1.9 

49 ± 2.1 

49 ± 2.4 

8 

97 ± 4.4 

99 ± 3.6 

120 + 4.1 

119 ±6.2 

85 ± 5.2 

12 

136 ± 6.2 

138 ± 4.2 

175 X 5.4 

166 ± 6.8 

1 16 ± 4.6 

16 

158 ± 5.9 

160 ± 5.3 

199 + 5,7 

183 ± 7.8 

142 ± 6.1 

20 

170 ± 6.9 

176 ± 7.7 

218 ± 7.8 

194 ± 8.6 

153 ± 6.8 

24 

174 ± 5.9 

183 ± 7.7 

226 ± 8.2 

200 ± 8.2 

162 ± 4.5 

Increase in weight, g. 

125 ± 4.7 

134 ± 7.5 

177 ± 7.9 

151 ±7.1 

113 ± 5.2 

Total amount of 
food consumed, 

kg 

16.50 

. 20.00 

20.38 

18.70 

15.06 

Growth in mg per 
gram of food cons. 

75.6 ± 2.84 

S6.r + 0.76 

3’6.8 ±3.91 

80.4 ± 3.80. 

74.9 ± 3.45 
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If the growth curves and the weight of the animals at different 
times are compared, it is e^ddent that lactofkvin is the "limiting 
factor” of diet B. An augmented supply of aneurin (group 'i^I) 
does not increase the weight of the animals until the end of the 
experimental period, when the animals in group have attained 
a slightly higher weight (Diff. 9 ± 9.7), but this difference is not 
statistically significant. The difference in weight is only apparent 
towards the end of the investigation and may thus be due to a 
varying accumulation of fat. If the “limiting factor” of group n, 
lactoflaidn, is added, we obtain differences (group W — group i^II) 
that are statistically significant from the age of 10 weefe. If a 
relative surplus of aneurin is added and the lactoflaAun supply 
is kept high (group IX) growth will again decrease. (Difference 
at the age of 24 weeks [groups ATTI — ^IX] is 26 ± 11.6, i. e. 
shows a statistically good significance.) Best growth is thus obtained 
by an adequate and well balanced supply of aneurin and lactoflavin. 

If the casein content of the food is increased from 15 to 20 % 
(i. e. about 25 % proteins in all) without augmenting the supply 
of B vitamin, growth decreases. At the end of the investigation 
period the difference in growth between groups and X is 
12 ± 7.4, which although not really significant statistically is 
nevertheless so gi'eat that it cannot be disregarded. "When com- 
paring the growth of these last-mentioned groups at the age of 
12, 16 and 20 weeks respectively we find statistically more satis- 
factory differences (20^7.7, 16^8.5 and 17 ±9.7 resp.). 

The correspondmg figures for groivth in Series A, reared on a 
larger supply of B ^'itamin, have unfortunately been lost for the 
period between 4 and 13 weeks. The weight curves of group I 
(diet containing 15 % casein and about 20 % total protein) and 
group y (diet containing 20 % casein and about 25 % total pro- 
tein) for the period 14 to 24 weeks coincide exactly. While an 
increase of total protein in the food from 20 to 25 % together 
with a small quantity of lactoflavin lowers the power of growth, 
an increased supply of B 2 vitamin will give exactly the same 
growth in both cases. (Basic diet B lacks wheat germ and yeast, 
which are included in basic diet A; otherivise both diets are simi- 
lar. Basic diet B gives after addition of lactofla'vun and vdthin 
the margin of error just as good or even slightly better grovdsh 
than basic diet A. The amount of other necessary growth factors 
in basic diet B thus seems to be sufficient.) On a high B vitamin 
standard (Series A), the animals seem able to balance the additional 
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supply of protein without any danger, but they cannot utilize it 
to increase growth. Our experiments thus shoiv that an optimal and 
well balanced supply of aneurin and lactoflavin is more important 
than a high protein standard and further that a high protein standard 
requires a high B vitamin standard. These observations are confirmed 
from other sources: the capacity of strict vegetarians to manage 
without animal protein and the good fodder properties of the AIV 
silage might be ascribed to a high standard of B vitamin supply. 

The amounts of food consumed during the whole time of the 
experiment and the growth per gram of food consumed will be 
found in Table VI. 

When we examine growth per gram of food consumed we find 
the differences which are given in Table VII. 

Table VII. 


Groups 

Growth per gram 

of food consumed 

Difference 

A 

M + j 3I 
mg 

Significance 

A 

5 M 

VI —VII 

8.9 + 4.71 

1.89 

VI — vrii 

— 11.2 ± 4.83 


VI -IX 

— 4.8 + 4.74 

1.00 

VI —X 

0.7 + 4.47 

0.16 

VII — ■\’III 

- 20.1 ± 5.42 

3.70 

VII —IX 

— 13.7 i 0.35 

2.SB 

VII —X 

— 8.2 + 5.10 

1.61 

VIII IX 

6.4 + 0.45 

1.17 

VIII X . . . • 

11.9 + 5.21 

2.SS 

IX —X 

5.5 + 5.13 

1.07 


Significance good: A — 2 X : A 

> very good: A = 2.5 x : A 

j certain: A ^ 3 x ; A 


As was to be expected an increased supply of aneurin stimulates 
considerably the appetite .of the animals. But growth per gram of 
food supplied decreases (significance only 1.89, though). Supply 
of lactoflavin only (group VIII) stimulates appetite just as much 
as the supply of aneurin in group Vll and gives increased growth 
per gram of food consumed. AWien supplying both Bj. and B 2 
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vitamins (group IX, where the Bi supply dominates hut Bo is 
supplied as in group Till) the animals consume less food than in 
groups "S^I and "^Till but more than group YI. Growth per gram 
of food consumed is somewhat greater than in group YI but the 
difference is not statistically certain (probability only 68 %). 
In group ^T^II we find the -highest absolute growth and also the 
best growth per gram of food consumed.jThe difference between 
group ^'III on the one hand and groups YI, YII and X on the 
other shows a very good or statistically certain significance. Be- 
tween groups AGII and IX no certain difference is to be found. 
An increase in Bi supply does not improve the growth to a further 
degree than that found in group YIII. 

As has been mentioned earlier lactofla\-in was the limiting factor 
in diet YI. This ^dtamin is thus as important for growth as aneu- 
rin. From the economical point of view the experiment demonstra- 
tes the importance of finding the possible limiting factor in the 
food of a given food budget. It is true that an increase of the 
already sufficient aneurin content stimulated the appetite of the 
animals (See group YII). But growth per gram of food consumed 
is less than in the control group YI. An adjustment of the B vita- 
min content of the food by means of increased supply of lacto- 
fIa^^n does on the other hand give both the best absolute growth 
and the best growth per food unit supplied. That is, a sufficient 
and well balanced supply of aneurin and lactoflavin will result in 
not only the best gro^^■th but also the best economical utilization 
of the food. Or in other words: By adding its limiting factor to 
the food we attain the maximal utilization of the food-stuffs 
supplied. 


Metabolism Experiments. Series B. 

Nitrogen, Calcium and Magnesium Metabolism. 

At the age of 6 weeks one pair from each group was put into 
the “metabolism cage”. These metabolic experiments lasted for 
three weeks, of which the two later weeks were the real period of 
experiment; during the first week the animals had to adapt them- 
selves to the experimental conditions. Two weeks after the first 
pair another was put into a “metabolism cage” and so on until 
all the animals had been examined. The amount of food consumed 
■was noted and, during the two latter weeks, urine and faeces 
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Table 


Eetention of calcium, magnesium and nitrogen a) in per 



YI 

VII ' 

i 

1 Age in weeks 

1 at the beginning 
i of the 

1 experiment 

G. 

Ca 

1 

Mg j N 
i 

1 

1 ! 
C*' } 

1 

Ca 

a 

Mg 

! 

■ 

_ N 


1 

a 1 

84.6 

35.6 

48.6 


83 

46 

46.2 

> 7 

91 ' 




89 



■ 

! 


1.50 

0.67 

11.2 


1.44 

0.72 

10.2 


a 

95 

36 

33.8 


84.5 

34 ■ 

25.7 

: s 

104 




102 




1 

b 

1.49 

0.49 

6.6 


1,25 

0,45 

4.9 

1 

a 

69 

37 

45.7 


79 

34.6 

: (40.0) 

i 9 

107 




94 




1 

b 

1,00 

0.60 

8.6 


1.16 

0,46 

(9.8) 

! 

a 

64.5 

(6.5) 

49.4 


61 

(5.0) 

: (56.7) 

1 10 

117 




103 




1 

b 

0.86 

(0.08) 

8.7 


0.85 

(0.06) 

: (10.7) 

1 

a 

55 

(-51) 

32.6 


47.6 

(- 43.6) 

; 32.6 

11 

109 




123 




1 

» 

b 

0.88 

(- 0.67) 

6.7 


0.67 

(— 0,52) 

6.2 

1 

\ 

a 

58 

(17.5) 

■ 41.2 


52 

11.5 

31.8 

I'J 

115 


1 


129 


i 



b 

0.88 1 0.23 

, 8.0 


0.04 

! 0.13 

! 

; 5.4 


a 

' 53 

' 20 

34.0 


40 

! - 2 

' 32.8 

13 

IbO 

b 

0.72 

0.28 

5.9 

136 

0,52 

1 - 0.02 

; 5.4 


a 

1 44.6 

: 24.6 

31.2 


46 

i 8.5 

34.1 

14 

132 

b 

i 0.67 

0.27 

5.1 

141 

0.56 

' 0.10 

5.2 


a 

! 36.6 

28.6 

30.9 


25.5 

! 26 

21.2 

15 

136 

b 

0.47 

0.82 

5.0 

149 

0.29 

i 

0.26 

3.1 


f a 

26.5 

19 

21.0 


28 

28 

37.0 

: 16 

149 

b 

i 0.S8 

0.20 

‘ 3.8 

168 

0.86 

j 0.29 

6.1 

1 

i 

) a 

1 

' 31.5 

12.5 

7.5 


26.5 

j 22 

11.5 

’ 17 

i 154 

1 b 

! 0.46 

0.16 

1.4 

169 

0.86 

i 0.28 

2.1 


1 Bracket denotes analysis values of the same pair of aiiimals -within the Tespecti\e 
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Tin. 


cent of amount supplied, b) in mg, gram body weight. 


( 

i 

rr 

' 

1 ^ * 

‘ ^ 

vrii 



IX 

i 

3Ig 

N 


X 

Mg 

X 

1 

Ca ! 

i 

1 

Mg 

N 

05^ 

I 

Ca ! 
i 

1 

Weight 

On 

! 

1 

81 1 

43.5 

35.7 


81.5 

29.5 j 

39.1 


61 

35.5 

35.8 

102 j 




103 




88 




i 

1.46 j 

0.72 

S.2 


1.89 

0.48 

8.6 


1.71 

0.67 

8.8 

! 

78.5 ‘ 

31 

30.8 


83.5 . 

■ 



60.5 

21 

20.9 

120! 

J 



126 


■■ 


96 




1 

1.22 1 

0.46 

6.1 


1.15 

0.32 

5.6 


0.99 

0.26 

4.4 

i 

76 

13 

36.2 


81 

30 

45.3 


58.5 

17.6 

20.4 

125’ 




132 




101 




1 

1.10 i 

0.17 

6.8 


1.20 

0.41 

8.7 


1.00 

0.24 

4.4 

t 

67.5 (- 

11.0) 

37.9 


66.5 (— 

5) 

39.0 


50 1 

(2) 

3S.8 

142 








108! 




0.94 (- 

0.14) 

3.6 


0.95 (- 

O.oc) 

7.2 


0.81 

(0.02) 

7.8 


50.5 (- 

22) 

29.5 


54 (- 

38) 

31.8 


36.5 (- 

23.5) 

37.2 

143 




1.31 




97 





0.70 (- 

0.22) 

5.2 


0.77 (- 

0.46) 

6.0 


0.50 (- 

0.17) 

2.0 


(34) 

19 

33.8 


47 

3.6 

28.9 

i (28.5) 

-0 

22.9 

155 




144 




100 





(0.4 a) 

0.21 ' 5-5 


0.26 

0.08 

4.9 


(0.4 0) 

0.27 

2.0 


43 

7 

26.9 


32 

4 

28.4 


48.5 

43.5 

(41.51 

160 




164 




107 





0.53 

O.07 

4.3 


0.40 

0.04 

4.5 


0.87 

0.04 

(9.6) 


40 

22.5 

33.2 


34.5 

25.5 

20.0 


43 

49.5 

28.5 

169 




168 




114 





0.47 

0.28 

5.1 


0.48 

0.25 

3.2 


0.74 

0.70 

6.2 

■ 

20 

29.5 

35.4 


20 

20 

28.3 


42.5 

37.6 

39.7 

•179 




176 




125 





0.21 

0.29 

5.2 


0.22 

0.19 

3.9 


0.63 

0.48 

6.8 


25.5 

23 

7.1 


40 

12 

30.8 


45 

34 

30.4 

203 




157 




147 





0.30 

0.22 

1.0 


0.48 . 

0.18 

4.7 


0.64 

0.38 

3.0 


16.5 ' 

22.5 

(50.7) 


26.5 

17.6 

35.8 



19.5 

(42.7) 

: 213 : 





« 



154 





0-31 

0.21 

(7.6) 


O.ss . 

0.17 

;TT 


0.49 

0.21 

8.0 


groups. 
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•n-ere collected. The nitrogen metabolism was the head object of 
our investigation but the calcium and magnesium metabohsm 
was also checked, as we wanted to detect a possible influence of 
the differences in B vitamin and nitrogen content of the various 
diets on the mineral metabolism. The values are to be found in 
Table VIII. 

The age of the animal at the beginning of the experiment week 
is given in weeks. The weight is the medium of the weight of each 
pair of animals at the beginning of the respective weeks of experi- 
ment. “Retention” denotes the amounts of, nitrogen, calcium and 
magnesium not recovered in urine and faeces and expressed in 
per cent of the N, Ca and Mg amounts supplied. Losses of nitrogen 
from hair or epithelium have not been taken into account. The 
urine has been protected from putrefaction by adding toluene. 
In some rare cases we have had reason to suspect bacterial de- 
composition of the urine accompanied by loss of nitrogen and too 
high retention values. These values are marked ( ) in the tables 

and excluded from the calculations. 

The divergences between the retention values from a pair of 
animals are often greater than the divergences between the values 
from different groups. There is no certain difference to be found 
between the values obtained from different groups with the pos- 
sible exception of the nitrogen and the calcium and magnesium 
metabolism within group X. In this group the calcium and mag- 
nesium retention, when compared to that of group VI, is lower 
during the first half of the experiment and higher during the lasu 
three weeks. The higher protein content of diet X gives an in- 
creased amount of acid metabolic residues which when secreted 
necessitate an increased amount of bases in order to neutralize. 
Considering the good base-conserving function of the rat kidney 
it is to be expected that this neutralizing will have taken place 
mainly by means of ammonia. (Unfortunately the XHg secretion 
has not been investigated.) About 3.6 % of the calcium supplied 
is recovered in the urine in group VI ' — the corresponding secre- 
tion in group X amounrs to 4.0 %. The difference is not statisti- 
cally significant. As has been already mentioned, the difference 
in retention is greater during the former half of the. experiment. 
During the first 6 weeks the animals in group X secrete in the 
urine on an average 3.45 % calcium and 22.6 % magnesium 
while the corresponding values in group are 2.7 % calcium 
and 30 % magnesium. The greatest difference is found between 
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the faecal contents of calcium and magnesium. Calculating on 
the amounts supphed we find the following values; 

Paeces from group VI contain 26.4 % Ca and 56.4 % Mg 
» » » X » 46.1 % Ca » 64.5 % Mg. 

There can scarcely have been any reason for a decreased resorp- 
tion, which is further contradicted by the fact that group X ab- 
sorbs more calcium and magnesium during the last weeks of the 
experiment than does group '\r[. 

XicoLAYSEN has shown the improbability of any excretion of 
calcium through the intestinal wall. According to him the cal- 
cium found in faeces consists partly of unabsorbed calcium and 
partly of calcium secreted with the digestive juices. A probable 
explanation of the low calcium and magnesium retention in group 
X during the former half of the experiment we think is found in 
the following theory; The higher amount of proteins in the food 
causes an increased secretion of digestive juices. The lively meta- 
bolism in the growing animal means that it converts more food 
per unit body weight and thus secretes relatively more digestive 
juices than the grown animal. Now if the animal has been unable 
to fin its calcium depots during the time when growth is most 
rapid, as for example in group X, it will try to do so later, when 
the metabolism per unit body weight is not so lively any longer. 
Further experiments with a greater number of animals, the 
balances of which have been followed during the whole time of 
growth, are necessary in order to settle this question definitely. 

If the retention is calculated in mg per gram of growth we find 
that groups VII, VIII and IX, i. e. the animals with the best 
growth, retain an equal amount per period of both nitrogen and 
of calcium and magnesium. "When these three groups are compared 
with group '\rr, no difference is to be found as to the retention of 
nitrogen and magnesium. The calcium retention is somewhat 
higher in group VI, especially during the earlier half of the experi- 
ment. In group X w'e find as has been stated earlier that the cal- 
cium and magnesium retention is lower during the former half of 
the experiment and, reversely, higher during its latter half, 
when compared to the values from group VI. 

If the nitrogen retention and the nitrogen content in urine 
and faeces in the different groups are compared at the time 
of the balance experiment, we find the following values; (See 
table IX.) 
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Table IX. 


Nitrogen metabolism during balance experiments. 



(Ago of animnlB = 

7 — 17 weeks) 

Group 

N supply 
in grams 

Per cent of amount supplied 



Urine N 

31 eM n 

BHHIb 

>Retention> 

VI 

51.618 

60.6 ±3.16 22 

5.1 

34.8 

Ill 

51.741 

61.8 ± 3.70 22 

OA 

32.8 

YlII 

61.865 

62.2 ± 2.70 22 

5.0 

32.8 

LX 

59.882 

62,5 ± 2.20 22 

5.8 

32.2 

X 

52.544 

67.8 ± 3.16 22 

5.2 

27.0 


Diff. (X~VI) = 7.2 ± 4.47. 

A dispersion curro with oblique distribution might here have been expected, 
but this is not the case. The dispersion is as a matter of fact so great that it more 
than co'5-or8 the possible greater absorption whieh one e.xpects during the beginning 
of the experiment. 


All the five groups have proportionally the same low amount 
of faecal nitrogen, which indicates that the enzymatic processes 
in the intestines and the absorption have taken place with equal 
completeness in all groups. The differences found must thus be 
due to the metabolism within the respective groups. As the ani- 
mals have been allowed to eat ad libitum, growth must have been 
controlled by the appetite in groups VI — ^IX. Group X with a 
5 % higher supply of pro^'ein in its food has burned a part of the 
protein consumed (or more of it than the other groups). (The 
significance of the difference between groups "Sn and X is only 
1.61, though.) That is, group X secretes more nitrogen with the 
urine and retains less nitrogen than the other groups. 

A means of measuring the calcium retention of the animals is to 
examine the calcium content of the skeleton. At the end of the 
experiment the animals were killed, one pair at a time in the 
same order as in the metabolism experiments. Thus one pair 
from each group "was killed the same day. The femora were 
cut out and their calcium content determined. The results are 
given in Table X. 
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Table X. 

Calciiun content of the 


Group femur in % of clean- 

scraped, dried bone 
M eM n 

22.4 ± 0.22 20 

VII 22.4 ± 0.34 19 

■VTII 22.7 ± 0.26 20 

IX 22,3 ± 0.26 19 

X 22.0 ± 0.25 19 


All the groups thus show the same content of calcium in their 
bones. 

The investigation will be continued with experiments on the 
protein minimum at various B ^dtamin standards. 

The nitrogen analyses have been made according to Norman- 
Jensen’s Kjeldahl piethod, the calcium analyses according to 
Hammarsten’s modification of Aron’s method and the magnesium 
analyses according to Stolba. As to the accuracy of the methods 
we refer to earlier works by Hammarsten (1937) and BorgstrOm 
(194:1). 2 072 elementary analyses have been performed. For want 
of space the primary values cannot be given here. 

The investigation has been supported economically by grants 
from the “K. Fysiografiska Sallskapet” in Lund and from the 
Foundation “Therese and Johan Anderssons Blinnesfond”, Stock- 
holm, for which we here express our sincere gratitude. 

"We also w'ant to thank most cordially hliss Ida Hallin and 
Mrs. jyiARGARETA LiNDERSTAM, who have taken care of the animals 
and helped in the technical work. 


Summary. 

Growth experiments have been performed on two series (A 
and B) of 100 and 50 albino rats (females). In each series the 
animals have been distributed on 5 groups ^Tith a varied supply 
of aneurin and lactoflavin in 4 groups and an extra supply of 
5 % casein in the 5th group. Other B vitamins have been given in 
sufficient amounts. The diets have contained a hieh percentage 
of A and D \dtamin‘! 
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The following results have been obtained: Lactoflavin is as 
important a growth factor as aneurin and stimulates the food 
consumption of the animals to the same degree. Both vitamins 
are necessary not only for the carbohydrate metabolism but 
also for the protein metabolism. If the protein supply is increased 
from 20 to 25 % at a relatively low standard of lactoflavin supply, 
growth decreases. A high protein standard necessitates a high B 
vitamin supply. An optimal and mutually balanced supply of 
aneurin and lactoflavin is more important for growth than a 
high protein standard. A sufficient and well balanced supply 
of aneurin and lactoflavin together with a sufficient but not too 
great supply of proteins gives the best growth and the best econo- 
mical utilization of the food. 
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Uiitersiiclmiigen iiber Dextran uiid seiii Ver- 
lialten bei pareiiteraler Zufulir. I. 

Von 

ANDERS GRONWALL and BJORN INGELMAN. 
Eingegangen am IS. November 1943. 


Ciiemische iind pliysikaliscli-chomisclie Untersuclmngeii 

fiber Dextran. 

Seit Einfiihruug der Bluttransfusiou als therapeutische Mass- 
nahme hat es sich gezeigt, dass sie mit prakfcischen Ubelstanden 
verbunden ist, auch in solchen ITallen, vro zur Erzielung eines 
therapeutisclien Effektes nicht Gesamtblut erfordcrlich ist, son- 
dern statt dessen Plasma verwendet warden kann. Man hat des- 
halb das Problem zu vereinfachen gesucht, indem man bequemer 
zugangliche Kolloide, in blutisotonischen Salzlosungen gelost, 
als Inftisionslosung einfuhrte. Von diesen diirften die von Bayliss 
1917, Hanzlik und KARS^^:R, 1920, eingefiihrten Gummilosungen 
die bekanntesten sein. Sie warden im Weltkriege 1914 — 1918 
weitgehend angewendet und als )>Gum saline« bezeichnet. Auch 
andere Substanzen wie Gelatine (Bayliss 1917), Polyvinylalko- 
hol (Johns 1937, Stierlen 1939, Huerpeb 1939 a und b, und 
Huerper, Landsberg und Eskridge 1940), Pelctin (Hartman 
und Mitarbeiter 1941), Polyvinylpyrrolidon (Hecht und Weese 
1943, Klees 1943) u. s. w. sind zur Venvendung gekommen. 
Im Zusammenhange damit, dass sie korperfremde Substanzen 
sind, haften indessen alien diesen Nachteile an. Einige von ihnen 
haben antigene Eigenschaften, andere wirken dadurch schadlich, 
dass der Organismus sie nicht oder nur langsam abzubauen oder 
auszuscheiden imstande ist. 

7 — '/^i0099. Acta pliys. Scandinav. Vol. 7. 
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Wir wollen hier niclit auf die pliysiologisclien Voraussetzungen 
der Anwendbarkeit einer Substanz fur diese Zwecke eingehen, 
sondern nur betonen, dass sic in ihren pbysikalisck-chemischen 
und pliysiologisclien Eigenscbaften dem Blutciweiss so weit wie 
moglicli gleiclicn, sowie serologiscli indifferent sein muss, und fer- 
ner, dass der Organismus sic in angemessener Zeit abzubaueii 
und auszuscheiden vermag. Diese Fragen werden in einer fol- 
genden Arbeit eiiigeliender diskuticrt. 

Eine in dieser Hinsiclit bisher niclit untersucbtc Substanz bildet 
das unter der Bezeiclinung Dcxtran bekannte neutrale Polysac- 
cliarid. Hier werden wir einige cliemische und physikalisch- 
cliemisclie Untersiicliungen von Dcxtran mitteilen. In einer 
folgenden Jlitteilung werden Hydrolyseprodukte von Dextran 
besclirieben, sowie ilire Eliniinicrung nacli parenteraler Zufulu: 
und ilire Wirlaing im expcrimentellen Scliock. 

Das Dextran wurde sclion im 19, Jalirlumdert entdeckt, und 
in dessen letzten Jahrzehnten enthult die Zuckerliteratur mebrere 
Abliandlungen, wo es als cin Stoff der Eormel (CeHioOs)^ beschrie- 
ben wird, welcher bei saiirer Hydrolyse lediglicli Glukose liefert. 
Audi wurde die Bildung von Dextran in Zuckerrubensiiften nacli- 
gewiesen, welclie mit dem Bakterium Leuconostoc mesenteroides 
(oder Varianten von dicsem unter verschiedonen Namen) infiziert 
waren. Wir konnen hier nicht alle iilteren i\jbeiten uber Dextran 
anfiiliren und begniigen uns mit dem Hinweis auf den Artikel 
iiber Dextran von Rujibler (1898) sovue auf Woiiryzek (1928). 

Wiilirend der letzten Jalirzehnte wurde eine Anzalil Dextran- 
untersucliungen durcligefiilirt, von denen wir hier nur einen Teil 
erwalinen konnen. (Tarr und Hibbert 1931, Fitzgerald 1933, 
Carruthers und Cooper 1936, Sacchetti 1936, Fowler und 
blitarbeiter 1937, Stacey und Youd 1938, Peat und Mitar- 
beiter 1938, 1939, Daker und Stacey 1939, Hassid und Bar- 
ker 1940). 

Von den wiclitigeren Ergebnissen dieser Studien seien folgende 
genannt: 

Die Dextranbakterien kommen walirscheinlicb in melireren 
Varianten vor, dock syntlietisieren diese samtlicb Polysaccharide, 
die nur aus Glukose aufgebaut sind. 

Durcli Methylierung des Dextrans und nachfolgende Hydrolyse 
sowie Identifizierung der Hydrolyseprodukte hat sich zeigen 
lassen, dass das Polysaccharid aus Glukopyranoseeinheiten besteht, 
welche, besonders durch die Kohlenstoffatome Nr 1 und 6, zu 
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langen Ketten vereinigfc sind. Spatere Eesultate deuten auch. auf 
eine verzweigte Kette (Levi und Mitarbeiter 1942). Durcli 
»Endgruppenaiialysen<( liat man die Lange derKettenfestzusfcellen 
versuclit und ist dabei zu ungleichen Ergebnissen fiir verscbiedene 
Dextranprodulcte gekommen. 

Die bescbriebenen Dextrane waren teils loslich, teils nicbt los- 
licb in Wasser. Die nicbt wasserloslicben soUen in z. B. 1-n NaOH 
loslicb sein. Die spezifiscbe Drebung der verscbiedenen bescbriebe- 
nen Dextranpraparate rvar vecbselnd. 

Dm zuerst das Polysaccbarid zu cbarakterisieren, das wir fiir 
die Darstellung der spater (in blitt. II) bescbriebenen Infusions- 
losung verwendet baben, bericbten \vir bier iiber einige unserer 
Versucbe niit Dextranlosung aus Zuckerriibenpressaft, welcher 
mit Leuconostoc mesenteroides infiziert worden war. 

In einem Cellophansack wurde der Pressaft gegen fbessendes 
Wasser dialysiert und sodann das Eiweiss durch Zusatz von 
Citratpuffer von pH 3.4 ausgefallt. Nach Einengung der Losung. 
durcb Verdunsten im Vakuum Avurde abermals gegen Wasser 
dialysiert. Die einige Prozent Dextran enthaltende gewonnene 
Losung war sebr viskos. Ausser dem weiter unten bescbriebenen 
Dextran fanden sicb in ibr aucb kleinere Mengen anderer, sowobl 
neutraler wie saurer Polysaccharide sowie einiger Abbauprodukte 
von Eiweiss u. a. (Ingelman und Tiselius 1943). Aus dieser 
Losung konnte das Dextran in sebr reinem Zustande durcb wie- 
derboltes Umfallen mit Alkobol gewonnen werden. Wurde nam- 
bcb zu der Losung Alkobol gegeben (z. B. ibr doppeltes Volumen)' 
so fiel das Dextran als fadenformiger Niederscblag aus. Nacb drei 
Oder vier Umfallungen war die Substanz stickstoffrei und scbien 
aucb keine anderen Koblebydrate mebr zu enthalten. Hiernacb 
wurde die Losung nochmals dialysiert; in einigen Fallen, wenn 
die Gewinnung salzfreier Proben erwiinscht war, erfolgte auch 
Elektrodialyse. 

Das reindargestellte Kohlehydrat war zu einigen Prozent in 
Wasser loslich; die erbaltenen Losungen waren sebr zah. 

In Fig. 1 ist die relative Viskositat als Funktion der Dextran- 
konzentration aufgezeichnet. Die Messungen wurden bei -f- 23.0° C 
in Losungen vorgenommen, welcbe an Na 2 HP 04 wie an NaH 2 P 04 
je 0.025 molar waren. Die Konzentration wurde durch Eindampfen 
bei 110° G bestimmt. 

Die Substanz sprach erwartungsgemass auf die iiblichen Kob- 
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lehydratrengontien wie e. B. Orcin-Scliwefelsiiure an. Slit Jod 
gabcn die Losungen koine Filrbung. Die Substanz war frei von 
Stickstoff. Pliosphorsiiiire konnte nicht nacbgewiescn werden. 
Das Koblebydrat entliielt keine leicht ab.sj)altbaren Acetylgrup- 
pcn. Pentosen odor Alduronsanren warcn nicbt nacbweisbar. 
Das Polysaccbaxid wurdc durcb scchsstundiges Kocben mit 
^derprozentigc^ Scbwefelsiiurc hydroly.sicrt.. Aus dem Hydrolysc- 
produkt konnte Gluko.sc-Plienylosazon dargestellt werden. 



Die spezifisebe Drelumg [ajp’ des Koldehydrates ergab sick 
in wiissriger Losung zu + 195°. 

Ein quantitativ durcligefiihrter Hydrolysieriingsversuch mit 
vierprozentiger Schwefclsanre zeigte, dass die spezifisebe Drebung 
sick nacli sccbsstiindigeni Kocben nicbt mebr anderte. In Fig. 2 
ist die spezifisebe Drebung als Funlction dcr Koebdauer aufge- 
zeiebnet. Der Bereebnung der spezifiseben Drebung begt die ur- 
spriinglicbe Konzentration des liocbmolekularen Koblebydrates 
zu Grundc (korrigiert fiir die geringen von der Verdunstung durcb 
den Biick-flussldibler verursaebten Vcrluste). Erwartungsgemass 
niinmt die Drebung stiindig bis zu einem konstanten Werte ab. 

Ini Hydrolysate wurde nunmebr die Konzentration an reduzie- 
rendcm Zucker mit Hilfe von Hagedorn- Jensens Titrations- 
metbode ermittelt. Wird dann die spezifisebe Drebung bereebnet, 
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jedocli auf Grund der Monosaccliaridkonzentration, so eirgibt 
sicL. der Wert 52.6°, -welclier mit dem der Glukose gut iiber- 
einstimmt. 

Das Hydrolysat wurde aucb in Tiselius’ Adsorptionsapparat 
(1940 — 41) untersucbt, unter Verwendung von aktiver Kohle 
als Adsorbens. Das Adsorptionsdiagramm zeigte nur eine Koble- 
bydratkomponente. Es batte genau dasselbe Ausseben vie das 
einer gleicbstarken Glukoselosung, 



Wie bereits enviibnt, konnte aus einem Hydrolysate des Poly- 
saccharides Glukose-Pbenylosazon dargestellt werden. Da nun 
aucb die Drebung des Hydrolysates mit der der Glukose gut iiber- 
einstimmt imd ferner sein Adsorptionsdiagramm das gleicbe ist 
■\vie das der Glukose, durfte kein Z-weifel dariiber besteben, dass 
das Polysaccbarid aus Glukose aufgebaut ist. 

An dem Polysaccbarid wurde eine Bestimmung des Brecbungs- 
indexinkrementes vorgenommen. Dabei ergab sicb die Grosse 
dn/dc zu 1.53 • 10"^ fiir die gelbe (577 /79 m^) und zu 1.54 • 10"® fiir 
die griine (546 mfi) Quecksilberlinie. (Die Messung wurde bei 
einer Konzentration von 1.44 % ausgefiibrt, welcbe durcb Ein- 
trocknen bei 110° C bestimmt wurde.) 

Das partielle spezifiscbe Volumen wurde in wiissriger Losung 
mit einer Dextrankonzentration von 1.31 % (durcb Eintrocknen 
bei 110° C bestimmt) ermittelt, wobei der Wert 0.59 gefunden 
wurde. In der Literatur ist z. B. fiir Starke der Wert 0.60 ange- 
geben. 
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Bei der Blektrophorese wandert das Doxtran selir langsam, v/as 
ja dor Erwartung entspriclit, da es ein neutrales Polysaccharid ist. 
Bci einigcn Messungen in Pufferlosungen von pH 0.8, die an 
NajHPO^ sowie an NaHjPOi 0.025 molar waren, ergab sick eine 
Wanderungsgcschwindigkcit gcgcn die Pluselcktrode von 0.5 -lO-^ 
cm'/sec. Volt, was fiir neutralc Kohleliydrate normal ist. 

Bci der Adsorptionsanalyse einer Dextranlosung in Tiselius’ 
Adsorptionsapparat mit aktiver Kohle als Adsorbens konnte 
nur eine Ivohlcliydratkomponente walirgenommen wcrden. Die 
Adsorption an der Aktivkolile war ziemlicli scliwach, das Adsorp- 
tionsdiagramm sab ans wic Pig, 3 zcigt. (Beziiglicb Ausfiibrung 
der Adsorptionsannly.se nnd Aufstellung dcs Diagramms verweisen 
wir auf (Tiselius 1910, 1911 a ocli b). Der Gipfel rcclits stammt 
von dem PJiosphatpiiffer her, dcr scharfc linkc vom Dextran.) 



Fiillt man Dextran mit Alkoliol, .so entsteht eine imgewohnlich 
fadenartige Pallung. Schon danach darf man erwarten, dass das 
Polysaccharid aiis Padenmolckeln besteht. Audi aus verschiedenen 
physikalisch-chemischen Bestimmungen ging hervor, dass die 
Dcxtranmolekel wahrscheinlich langgestrcckt ist. 

Bei cinem — von fil. lie. 0. Snellmax ausgefiihrten — Versuch, 
die Molekelliinge aus dcr Stromungsdoppclbrechung abzuleiten, 
ergab sicli Uneinheitlichkcit der i\IolekeIlange des Polysaccharides. 
(Fiir diese wurde eiii wegen der Uneinheitlichkeit ausserst un- 
sicherer Wert von einigcn tausend A. E. gefunden.p 

Es wurden einige Ultrazentrifugierungsvorsuche mit Sved- 
BERGS Olturbinenzcntrifugc an verschiedenen Polysaccharid- 
konzentrationen angestellt. Beobachtet wurde nach Lamms 
Skalenmethode (1937); die Messungen wurden in Phosphatpuffern 
vorgenommen, die an Na 2 HP 04 sowohl wie an HaH.PO^ 0.025 

' Noch niclit nbgeschlossono Untersuchungoa von B. Ixgei.m.o.* und K. Sieo- 
BAiiN mit dom Eloktronenmikroskop im Forskningsinsf itutet for Fysil^ StocMolm, 
haben obonfnlls cino fadonlormigo Stniktur dcs Doxtrans gczeigt. Diese Unter- 
auebungen wordon spater an nnderer Stcllo voroffcntliclit. 
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molar waren. Dabei ergab sicb eine sebr betracbtliche Abhangig- 
keit der Sedimentationskonstanten von der Konzentration, vde 
sie fur Molekeln von langgestreckter Form gevohnlicb ist. (Fig. 4) 
Im Konzentrationsgebiete 0.4 — 1.4 % wurden einfache Sedi- 
mentationsdiagramme mit einem Gipfel gefunden. (Beziiglicb 
Ausfulirung der Zentrifugierungen und Aufstellung der Zentri- 
fugierungsdiagramme etc. sei auf Svedberg und Pedersen 
(1940) verwiesen. Hier sei nur betont, dass jeder Gipfel im Zentri- 
fugierungsdiagramm einem hoclimolekularen Stoffe entspricht.) 



Unterhalb 0.4 % traten dagcgen statt eines einheitlichen Gipfels in 
den Diagramrnen eine -\Ienge kleincrer Gipfel auf, fiir welcbe keine 
sicheren Sedimentationskonstanten bereclmet werden konnten. 

Extrapolation der Sedimentationskonstanten auf die Konzentra- 
tion Null konnte niclit vorgenommen Averden. 

Fig. o zeigt das Aussehen dcr Zentrifugierungsdiagramme fiir 
einige verschiedene Dextrankonzentrationen. Z bezeichnet die 
Skalenstricbver.schiebung und X den Abstand von der Rotations- 
axe (Svedberg 1940). Die Zentrifuge lief mit 59 000 J. p. M., 
entsprecliend einer Zentrifugalkraft der 250 000-fachen Erd- 
schwere. 
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Femcr warden aucli einige Diffusionsvcrsuclie ausgefiihrfc 
(nacli Lamjt, 1937), wobei die Diffusionskonstanten fiir ver- 
schiedone Konzentrnlionen crmittelt. warden (Tabelle 1)! In 
eincm Versuclie ergab sick cine extrem niedrige Diffusions- 
konstantc. Bereclniefc wurde die Diffusionskonstante nack der 
A." 

korniel 3)^=:.™-™ — ^ ■wo t die Diffusionszeit, A die Fliicke 

on ter der DilTasionskurve and die Blaxiraalordinatc der 

ICurvc bcdeiitct. Die A’^ersuclistcmperatur betrug 20.0° G, Die 
Diffusions versaclic wiosen darauf kin, dass das Dextran nickt 
vollkomnicn monodispers sein konnte. 




Fig. .5. 

Scdinientationsdiivgniinnu' von BcxtranlOsungen vi-rsehiedcnor Konzentration. 

a) 0.70 % Dextran In Min. nnch Errcichung der vollcn Geschwindigkeit. 

b) O.-tO ♦ ~ t i » » » » 

c) 0.20 % » " * » » » » i 

Da die Jlolckulargrdsse ansekeinend .stark variiert, iasst sick 
cine gcnaitc Angabc fiir das lilolekulargewiclit. des Dextranes nickt 
macken. Die Zentrifugicrungsdiagraniine von Ldsungen mit 
Dextrankonzentrationen tintcr 0.35 % zeigten niinilick statt eines 
einheitliclien Gipfels mokrere verbreiterte Gipfel. Bei fil. lie. 0. 
Sneddmans Untcr.suckung niittels Stronningsdoppelbreckung er- 
gab sick auck Uneinkeitlickkeit der Liinge der Dextranmolekeln. 
Dock wvirde bei kokeren Dextrankonzentrationen trotz der an- 
sekeinend reclit erkeblicken Variabilitiit des klolckulargewicktes 
der Dextranmolekeln ein einziger sekarfer Gipfel im Zentrifugie- 
rungsdiagramm gefunden. Dies diirfte scinen Grand in der faden- 
iiknlicken Gestalt der Dextranmolekeln kaben, da fadenformige 
Molckeln ihre Sedimentation gegenseitig beeinflussen. 

Setzt man die Werte von Sedimentations- xesp. Diffusions- 
konstante fiir ettva 0.4 % (Extrapolation der Sedimejitationskon- 
stanten auf die IConzentration Null Avar untunlick) in Svedbebgs 
Formel fiir die Berccknung des Molektilargewicktes ein, so ergeben 
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sich sehx Iiolie Werte. Aus einer Sedimentationskonstanten 
36-10"^®, einer Diffusionskonstanten 0.27' 10"’ und einem par- 
tiellen spezifiscken Volumen 0.59 erkalfc man das Molekular- 
geArickt mit 8.10®. Dieser Wert darf jedoch niclit als exakter Aus- 
druck der Molekelgrosse angesehen werden, denn wir konnten 
die Konstanten nicht auf die Konzentration Null extrapolieren 
und alles weist darauf Mn, dass die Molekulargrosse stark wech- 
selt. Die vorgenommene Berechnung zeigt indessen, dass das 
Dextran ein selir kohes Molekulargewiclit kat. (Jedenfalls war 
dieses sekr kock fiir das kier untersuckte Dextran. Das Molekular- 
gewickt kann ja moglickerweise mit der Infektionsdauer des 
Saftes weitgekend veranderlick sein.) 

Tab. 3. 

Polysaccharidkonzentration Diffusionskonstantc 
in % Da • 10' 

0.70 0.45 

0.50 0.52 

0.35 0.27 

0.35 0.29 

0.35 (0.07—0.13) 

0.25 0,40 

j\Iit der Absickt der Gevrinnung eines Antiserums wurden zwei 
Kanincken jeden fiinften Tag 2 ml 0.5 prozentiger Dextranlosung 
eingespritzt; diese Einspritzungen warden zwei Monate lang fort- 
gesetzt. Hierauf wurde das Serum mit versckiedenen Mengen 
Dextranlosung gepriift und gefunden, dass kein Prazipitat er- 
kalten warden konnte. Nach allem zu sckliessen katte Prazipitin- 
kildung ersichtlick nickt stattgefunden.’ 

Zusammcnfassun?. 

Friiker sind versckiedene kochmolekulare Stoffe als tkerapeu- 
tisckes Substitut fiir die normalen Serumproteine vorgeschlagen 
Worden. Eine Substanz, die mit Biicksicht auf ikre Anwendbarkeit 
als solches nock nickt untersuckt worden ist, ist das neutrale 
Polysacckarid Dextran. 

Nack einer kurzen Wiedergabe unserer wicktigsten Kenntnisse 
iiber das Dextran warden eigene ckeraiscke und pkysikalisck- 
ckemiscke Untersuckungen iiber diesen Stoff mitgeteilt, sowie 

1 Diese TJntersuchung iiber die Antikorperbildung verdanken ivir Herrn Dozent 
S. Gabd. 
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seine Darstellung aus Zuckerrubensaft, der mit Leuconostoc 
mesenteroides infiziert war, besclirieben. Durch Dialyse und 
Fallung und wiederholte Umfallung mit Alkohol wird ein reines 
stickstoffreies Dextran erkalten. Die Analyse dieses Produktes 
zeigt, dass es einzig aus Glukose aufgebaut ist. Pkysikaliscli- 
cbemische Untersuckungen ergeben eine sekr kohe Viskositat, 
in Pkospkatpuffer bei pH 6.8 eine sekr langsame elektrophore- 
tiscke Wanderung zur Pluselektrode, sowie eine spezifiscke Dre- 
hung [aJn = + 195°. Bei der Adsorptionsanalyse "vrird nur 
eine Kohlekydratkomponente beobacktet. Das Dextraninolekiil ist 
nack allem zu urteilen langgestreckt, dock yon nickt einkeitlicker 
Molekularlange. Die Bestimmung der Sedimentationskonstanten, 
der Diffusionskonstanten und des partiellen spezifiscken Volumens 
zeigt, dass das Molekulargeu'ickt sekr kock ist, von der Grossen- 
ordnung viele Millionen. Ein exaktes Molekulargewickt kann 
wegen der uneinkeitlicken Molekulargrossen nickt angegeben 
■werden. 

Das kier vorkegende Dextran ruft keine Prazipitinbildung 
kervor. 

Die Verfasser mockten Herrn Professor Arne Tiselius fiir 
alle guten Ratscklage bei der Ausfiikrung dieser Untersuckungen 
besonders danken. Die Arbeit ist in den Laboratorien der Professo- 
ren The Svedberg und Arne Tiselius am Pkysikaksck-ckemi- 
sclien Institut in Upsala ausgefiikrt worden. Svenska Socker- 
fabriks A.-B. hat durck finanzielle Hilfe die Durclifiikrung der 
Arbeit unterstiitzt. 
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Aus dem Mcdizinisch-chemischcn Instilut dor Universitat Helainki. 


liber (lie Eiinvirkung dcr Entlernuiig 
der Nebcimiercn aiif die Pliosphorylieriing 

im Miiskel. 

Von 

0. HELVE. 

Eingcreicht am 22. Xovembor 19‘i3. 


Zur Erkliining dcr A^^rkungsweise dcr Ncbenniercnrinde kaben 
VerzAr und Laszt (1935, 1936, 1937) die Eindcnscbicht in engem 
Zusammenbnng mit Phosphorylierungserscheinungcn gebracbt. 
Demnacb bcwirkt die Entfernung der Nebennieren durcb cine 
Stoning dor Phospliorylierung cine Herabsetzung der Kohlen- 
bydrat- und Eettresorption sowie der Bildung der Lactoflann- 
pliospborsiiure aus Lactoflavin. 

Bei der Durchfiilirung meincr systematischen Untersucbungen 
liber den Stoffweclisel der Nebennieren (Helve, 1937, 1940) er- 
scliien es daher bcgriindet, aucli die Pbosphorylierungserscbei- 
nungen im Miiskel bei Mangel an Kindeliornion zu beliandeln, ins- 
besonders da iiber diesc Erage in der Literatur keine friilieren Anga- 
ben vorlagen. M'egen der im Muskel bei nebennierenlosen Tieren 
aiiftretenden Adynamie erscbien der Gedanke einer Storung der 
Phospborylieriing im jMuskel durchaiis moglicli. Dicse IJnter- 
siicliungen, bei denen die Phospliorylierung des in Phosphatlosiing 
gepiifferten Muskelbreis von nebennierenlosen und Ivontrollratten 
bei Gegemvart von Hatriumfluorid und Glykogen vergliclien 
ivurde, ergaben jedocli keine Storiingen der Phospborylieriing. 

Gegen die Pbospborylierungstbcorie spricbt aucb eine Beilie 
anderer Untersucbungen. 

Nacb den Eeststellungen von Deuel, Hallman, Murray und 
Samuels (1937), Althausen, Anderson und Stockholm (1939) 
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sowie Barnes, Wick, Miller und MacKay (1939) ist die Storung 
der Fett- und KoUenliydratresorption bei nebennierenlosen Ver- 
sucbstieren auf den Scbockzustand nnd Fliissigkeitsverlust und 
nicM direkt auf den Mangel an Rindebormonen zuruckzufiibren. 
Sie baben bei ibxen Versucben beobacbtet, dass keine Resorptions- 
storung der erwabnten Art auftritt, wenn nur die Versucbstiere 
vor dem cirkxilatoriscben KoUaps gescbiitzfc werden konnen. Nacb 
Berrebee (1940) ist die Pbospborylierung des Bi- Vitamins sowie 
des Lactoflavins bei nebennierenlosen Versucbstieren normal. 
Ochoa und Rossiter (1940) kamen in Bezug auf Vitamin B^ zu 
dem gleicben Ergebnis, Nacb Nelson (1940) ist es nicbt moglicH 
durcb Verabreicbung von pbospborybertem Lactoflavin die Le- 
benszeit nebennierenloser Tiere zu verlangeru. 

Andererseits ist zu bemerken, dass nacb den Untersuchungen 
von Schumann (1940) die Pbosphoryberimg im Muskel nebennie- 
renloser Ratten deutlicb scbwacber ware als normal. Ebenso 
bebaupten Verzar und Montigel (1942) auf Grund ibrer kiixzbcb 
durcbgefiibrten Untersucbungen, dass die Pbospboryberung im 
Muskel nebennierenloser Ratten viel langsamer sei als die der Ron- 
troUtiere. Die Tatsacbe, dass icb zu anderen Ergebnissen kam, 
erklaren sie damit, dass icb eine zu lange Bebriitungszeit (3^/a 
Stunden bei 37°) gebraucbt babe. 

Spater babe icb micb mit der gleicben Erage von neuem be- 
scbaftigt und bebandle nacbstebend Versucbe, in welcben ver- 
gleicbsweise sowobl die von Schumann als aucb die von Verzar 
und Montigel gebraucbten Versucbsverbaltnisse angewandt 
vrurden. 

In den zuerst bebandelten Versucbsreiben vrurde untersucbt, 
welcbe Wirkung mogbcberweise das Natriumbikarbonat bat, 
Celebes Schumann bei seinen Versueben in der Inkubations- 
fliissigkeit vern'endet bat. 

Zu der Versuebsreibe geborten 10 Ratten, deren Nebennieren 
extirpiert -waren, sowie 10 Kontrolltiere. Das Verfabren war im 
iibrigen folgendes: 

2 g feingemablener Muskelbrei wurde mit 6 ml Losung gemisebt, 
welcbe in Bezug auf Natriumbikarbonat O .025 mol. xmd auf Natrium- 
fluorid 0.5 % war, sowie 10 mg Glykogen entbielt. Die Muskelbrei- 
fliissigkeitsmiscbung wurde in einem kleinen Erlenmeyerkolben nach 
Hineinleitang von Sauerstoff im 'Wassertbermostat bei 37° gescbiittelt. 
Nacb zwei Stunden wurde das Eiweiss mit 2 ml 20 % Tricbloressigsaure 
ausgefallt und dann nacb Filtrierung der Pbospbor nacb Lohmann 
und Jedrassik (1926, 1928) bestimmt. Gleicbzeitig wurde ein Versucb 
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ausgefiilirt, bei dem der Phosphor sofort bestimmt mirde. Aus der 
Differenz der Phosphorwerte geht die Menge des esterifizierten Phos- 
phors' hervor. 

Die Versuche wurden 4 — 8 Tage nach der Operation durchgefiihrt, ala 
die Tiere adynamisch geworden waren und an Gewicht erheblich abge- 
nommen hatten. 

Die Ergebnisse gehen aus folgenden Tabellen hervor: 

Tabelle I. 


Phosphorylierungsversuclie mil Muskel der Konirollraiten. (P in mg%.) 


Nr. 

Ge- 

schlecht 

Ge- 

wicht 

(e) 

2 g Muskel, 10 mg Glykogen 

5 ccm 0.026 mol. Na-bikar- 
bonat-Los., 1 ccm 3 ^-ige 
NaF-Los. 

Esterifizierter 

Phosphor 

Phosphor sofort 
bestimmt 

2 Sta. bei 37°. 
Dann Phosphor- 
bestimmung 

in mg 

in % 

1 

(? 

175 

64.9 

42.1 

22.8 

35 

2 


189 

67.7 

47.1 

20.6 

30 

3 

c? 

215 

65.1 

44.3 

20.8 

32 

4 

S 

245 

80.6 

53.9 

26.7 

33 

5 

(? 

270 

96.9 

66.7 

30.2 

31 

6 

S 

255 

88.7 

55.0 

33.7 

38 

7 

6 

226 

73.3 

39.0 

34.8 

47 

8 

C? 

290 

92.1 

65.6 

26.5 

29 

9 

(? 

315 

72.9 

44.8 

28.1 

39 

10 

9 

232 

83.8 

56.0 

27.8 

33 


Mittelwerte 

78.6 

51.5 

27.2 

35 


Wie aus den Tabellen hervorgeht, schwankte die Menge des bei 
den Phosphorylierungsversuchen der Kontrollratten esterifizier- 
ten Phosphors zwischen 30 — 47 %, wobei der Mittelwert 35 % 
betrug. Der entsprechende Wert der nebennierenlosen Versuchs- 
tiere war mit Ausnahme von zwei Fallen etwas grosser, bei einem 
Mittelwert von 44 %. 

Mit der von mir angewandten Methode konnte also festge- 
stellt werden, dass im Muskelbrei der nebennierenlosen Fatten 
bei Gegenwart von Natriumbikarbonat, Glykogen und Natrium- 
fluorid in den meisten Fallen eine sogar etwas starkere Esterifizie- 
rung stattfindet als bei den Kontrollratten. Die Versuchsergeb- 
nisse gehen also eher in umgekehrter Kichtung als das, was Schu- 
mann bei seinen Untersuchungen festgestellt hat und geben keine 
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Tabelle II. 

Phosphoryliemngsversiiche mii MtisTcel der nebennierenJosen Ratten. 

(P in mg%). 


Nr. 

Ge- 

schleclit 

Lebens- 
daner 
nacb der 
Opera- 
tion 
(Tage) 

Gcwicbts- 

abnahme 

(g) 

2 g Muskel, 10 mg Glykogen 
5 ccm 0.025 mol. Na-bikar- 
bonat-Los., 1 com 3?i-ige 
NaF-Los. 

Esterifizierter 

Phosphor 

Phosphor 

sofort 

bestimmt 

2 Sta. hei 3r. 
Dann Phosphor- 
bestimmnng 

in mg 

in % 

11 


5 

186-168 

62.4 

32,0 

30.4 

49 

12 

d 

6 

210-180 

79.1 

43.4 

35.7 

45 

13 

d 

8 

211—182 

85.2 

47.3 

37.9 

44 

14 

d 

5 

257-239 

68.1 

51.8 

16.3 

24 

15 

3 

5 

252-234 

71.8 

32.2 

39.6 

55 

16 

d 

7 

255—230 

68.1 

33.6 

34.5 

51 

17 

Q 

4 

175-162 

75.9 

34.3 

41.6 

55 

18 

3 

7 

271-230 

83.2 

45.8 

37.9 

46 

19 

d 

8 

253-220 

91.9 

B2.8 

39.6 

48 

; 20 

3 

7 

261-244 

84.1 

57.1 

27.0 

32 

1 


Mittelwerte 

77.0 

42.9 

34.1 

44 


Bestatigung f to die Theorie von Vbrzar und Lazst, deren Bichtig- 
keit Schumann als Erster bewiesen haben will. 

In den folgenden Versuchsreihen wnrde det moglicbe Einfluss 
der Zeit auf die Fhospboxylierung untersucbt. 

Fiir die Versucke \irurden, 10 nebennierenlose Ratten verwendet sowie 
5 KontroUtiere, bei denen eine Scheinoperation gemaclit wnrde, bei 
vrelcber die Bebeunieten nicbt entfernt wurden. Die Vetsucbe %vurden 
5 — 10 Tage nach der Operation durchgefiibrt. Die nebennierenlosen 
Versucbstiere wnxden getotet, sobald Zeicben von Adynamic an ilinen 
bemerkbar waren. 

Die Pbospboryliernngsversucbe fiihrte icb auf zwei Arten aus: 

a) 1 g im Latapie verkleinerter Muskel, 1 ml 1 % NagHPO^ • 2 HoO- 
Losung, 1 ml 2 % NaF-Losung sowie 30 mg Glykogen, Das Eiweiss 
wurde mit 7 ml 7 % Trichloressigsaure ausgefallt (Tabelle III). 

b) 0.5 g gleicber Muskelbrei, 0.5 ml 2 % NaHCOa-Losung, 0.5 ml SVz % 
RaF-Losung sowie 1 ml 0. 5 % Glykogenlosung. Das Eiweiss wurde 
mit 8 ml 7 % Trichloressigsaure ausgefallt (Tabelle IV). 

Der Phosphor des eiweissfreien Filtrats wurde nach 20, 60 und 210 
Minuten dauernder Bebriitung im Warmeschrank (37°) bestimmt. 
Ausserdem wurde die Phosphorbestimmung sofort, ohne Bebrutung 
durchgefiibrt (O-Minutenwerte in den Tabellen). 
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Din nuf boidc. .Arton (fi uiul h) dvirohgcfUhrtfin Vcrfiii<;ho zcigcn, 
dfiw die, Phos{diory]icrtnjg ihren Mnximahvert fichon nnch 20 
Jlinutfiu crroicht. (Tnludlcri III iind TV). (Kinigc; 10 und J50 Minu- 
tfjj nitdi dor Bdmndlung durchgcfiihrtc Phorspliorbcslimmungcn 
tdiiti'.fn db'.Ho jb'obachtting.) 


TnhoUn in. 

Mu!;h'lphoxjih(injlkriin;}KVfrr.uch' mi! Pkotphalpuff^r. (P in mffU). 


Nr. 

Vtr- 

I'tu'bs 

(laiirr 

i <;o- 

j viflit.'i- 
j Vff- 

I 00 

t 

j 

i 

1 

J n 



i 

K^tcrif. I* (20 1 
Min.) i 


Tape 

jo Min. 

jt) Min 

.60 Min. 

J 

210 Min. 

tn{7 

If i 




8rli>inop.-rirrtc Itatl.'n: 



j 

] 

f. 

1 27;. -280 

i 321,1 


! 133,2 

i 157.6 

171.1 

33 ; 


8 

' LM2— 2}ri 

; 2T0.f> 

i-tn.c 

! 130,3 

1 ino.s 

1.^3.8 

49 1 

n 

7 

i 

! ‘J.Ml. t 

8l.r. 

i 

^ 8-3.0 

167.1 

67 ; 

•1 

10 

1 2rH,i~i'.'.7 

1 L’Ol.r. 

1 10.7 

; 118.0 

i 117.2 

: 

Ml.K 

31 , 

0 

s 

J 

1 20S..1 

IIT.O 

’ J 

121. .3 

176,4 

_.iP_. : 




1 201.:! 

122.M 

! 122 2 

i' 

; I2l.;i 

138.4 

37 ; 




N.l'cntjii' 

rcr.Io?^ 

ilaU.-n: 




G 

t*» 

j 2.>7~2n 

1 2^0.2 

101.1 

j 101.3 

j 2*0.7 

183.8 

63 ; 

1 

7 

1 1-80 -20.'. 

j 280.2 

X. I — 

1 86.1 

i 87.1 

2O3.0 

71 i 

8 

f> 

j 2.SS-'J7>1 

1 201.8 

Ta.T 

' 77.6 

) 

' T8.3 

20:=*. 1 

74 i 

y 

7 

j n(.>i— :y>'i 

j 207..> 

!(>:»>' 

1 lU.'i.7 

j 107.0 

106.8 

66 

JO 

7 

i nw-2,'.y 

: .’’-07.7 

127.1 

i i2:‘.o 

i 120.7 

180.6 

39 ' 

11 

0 

j .120—220 

: 20O.t' 

107.2 

1 lOl.O 

j 10?. I 

133.7 

39 ; 

jy 

7 

1 ;t87— -ni'i 

: 273.6 

83.1 

j 83.-8 

! 83.0 

188.2 

63 : 

in 

r> 

i 320 -oil 

i 200.7 

80.0 

! OD.r. 

1 oa.7 

177.7 

G7 1 

M 

8 

i 303-nio 

: 207.O 

OT {■ 

S 08.4 

: 0?.0 

163.4 

63 i 

1 

( 

s 

' 6 

; »yj O-JJ 

; 2.'j7. J 

_7Ci.v 

; 7t>.a^ 

i 77.1 

181.7^ 

71 i 


Mitlehverto: 

j 278.8 

01 1 

i o:>.3 

i 03.S 

181.7 

66 ; 


In don VcrKticlt.sroihcn, boi wolchen Pho 5 ])hatpuflcr gobrancbt 
wnrdc (Tab. Ill), bet rug dor csterifidertc Pliosplior dcr neben- 
nierenloson Ratten diircljschnittlicb GG %, bci den Kontroll- 
rntien 07 %. 

Bci A'erwendung von Katriuinbikarbonat anstelle von J. liospnat- 
(Tab. IV) war die. Phospborylicning iin allgomcinen nocli etwas 
stiirker, Bci don ncbenniercnlosen Tiercn orreicble sic durcli- 
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Tabelle IV. 


Uuskelphosphonjlierungsversuche mit Natriumbikarbonat. (P in mg%). 


1 

Nr. 


I n 

3 7° 


Esterif.P(20Min.) 

0 Min. 

, 20 Min. 

60 min. 

210 Min. 

mg 

% 



Scheinoperierte Ratten : 



2 

85.5 

41.6 

39.C 

33.2 

54.0 

57 

3 

97.1 

21.7 

24.1 

25.3 

75.4 

78 

4 

105.7 

39.8 

34.6 

35.1 

66.4 

63 

5 

110.3 

36.8 

33.4 

33.1 

74.0 

67 

iDttelwerfe: 

102.2 

34.7 

32.9 

31.4 

67.6 

66 



Nebennierenloso Ratten: 



8 

109.n 

19.2 

22.8 

23.2 

90.7 

83 

9 

130.8 

25.2 

27.9 

28.7 

105.6 

80 

10 

112.3 

36.8 

38.7 

39.4 

76.0 

68 

11 

104.9 

30.6 

30.3 

32.1 

74.4 

71 

12 

100.4 

27.1 

28.0 

30.8 

73.8 

73 

13 

97.1 

21.7 

22.4 

23.6 

75.4 

78 

14 

117.7 

31.8 

31.0 

30.4 

85.9 

73 

15 

97.2 

27.8 

25.9 

25.2 

69.9 

72 

Mittelwerte: 

108.8 

27.4 

28.3 

29.1 

81.4 

75 


sclinittlicli einen Esterifizierungswert von 75 % und bei den 
KontroUtieren G6 %, 

Die Yersuche zeigen, dass Verzabs und Montigees Beob- 
acMungen uber die scbnelle Erreicbung des Maximums ricbtig 
sind. 

Dagegen konnte langsamere oder geringere Pbospborylierung 
bei den nebennierenlosen Ratten — wie sie bebauptet batten — 
nicbt festgestellt werden. Es ist scbwer zu sagen, worauf der Un- 
terscbied der Untersucbungsergebnisse berubt. In der Diat der 
Yersucbstiere gab es offensicbtlicb gewisse Unterscbiede, was 
aber kaum entscbeidend wirken diirfte, da die Abnabme des 
Gewicbts, das Auftreten von Adynamic und die Zunabme des 
Ealiumgebaltes im Serum der operierten nebennierenlosen Tiere 
auf eine deutlicbe Rindenscbicbtinsuffizienz binweisen. 


8 — i-i0099. Ada pJivs. Scandinav. Tol. 7. 
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Zusammenfassung. 

Vergleichende Phosphorylierungsversuclie zwisclieii normalen 
und Hebennierenlosen Eatten •werden besclirieben. Die Phospbory- 
lierung im Muskel erreicht bei Gegenwart voa Glykogen und 
Natriumfluorid in beiden Versucbstiergruppen das Maximum 
verbaltnismassig scbnell. Irgendwelcbe ^vesentlicben Unterschiede 
zwiscben normalen und nebennierenlosen Tieren konnten weder 
bei kurzer nock bei langer Pbospborylierungszeit festgestellt 
werden. 
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liber den Umsatz der Brenztraubensaure, 
a-Kefcogliitarsimre imd CitronensSure 
bei B-Ayitaminosen. 

Von 

R E. snroLA. 

Eingereicht am 22 . November 1943. 


Die Frage, ob sich im Mangel an Komponenten der B-Vita- 
mingruppe Storungen im StofTwechsel von a-Ketosauren nacb- 
Tveisen lassen, ist in diesem Laboratorium aeit 1934 Gegenstand 
von Unteisuchungen gewesen. Es vrurde dabei scbon bald fest- 
gestellt, dass bei B-Vitaminmangelzustanden eine deutlicbe An- 
haufung von Ketosauren im Organismus nachzuveisen ist. Die 
ersten Dnteisucbungen scbienen darauf Mnzuvreisen, dass es sicb 
bei Vermehrung des Ketosauxegehaltes im Blut und Harn in 
erstor Linie um eine Anbaufung der Brenztraubensaure bandelte. 
Bei eingebenderen Untersucbungen wurde aber binsicbtlicb des 
Yorkommens von Ketosauren im Harn festgestellt, dass die Zu- 
nahme des Ketosauregebaltes in Harn vielmebr auf eine ver- 
mebrte Ausscbeidung der a-Ketoglutarsaure zuriickzufiibren war 
(SiMOLA, 1936 a, b, c), einer a-Ketosiiure, iiber deren Vorkom- 
men im Harn und in den Korperflussigkeiten keine friiheren An- 
gaben vorlagen. 

Eine Anbaufung der Acetonkorper war bei B-Avitaminosen 
dagegen nicbt festzustellen. 

Bei Entstebung der Storung des a-Ketosiiurestoffwecbsels scbien 
dem Mangel des Bi- Vitamins die Hauptiolle zuzukommen. 

Die Beobacbtungen stimmten jedenfalls gut mit den Resulta- 
ten einer friiberen Untersucbung iiberein, wobei icb auf Grund 
experimenteller Befunde die Aufmerksamkeit daiauf ricbtete 
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class die C6-Carboxylase cin za dcr B-Vitaraingnippe gelioriaer 
Fnktor sci (Simoi.a, 1932). 

Um niilicron Aufschluss iibor die Sbbrung des a-Ketosaure- 
Btoffwechsols bci BrVibaminmangel zu erhalben, warden ctwas 
spiiter irn Amcbluss an dicse Bafimde XJnbersuchungen iiber den 
a-Ketosaureumsatz aucli bel normalen Ticrcn vorgenommen. Es 
war denkbar, class die vcrmehrto Ausscheidung der a-Ketoglu- 
tarsiiuro irgendwic auf eino primiirc Erhohung des Brenztrauben- 
fiaurcgehalbcs im Blub zuriickzufuhren sei, and es gelang in der 
Tat, durcli Verabrcicbung von Brcnztraubensaure bei Versuchs- 
ticren sowic bcim Slensclicn cine crbbbtc Ausscheidung von a- 
Ketoglutarsiiurc bervorzurufcn (Simola, 1937, 1938 a; Simola 
and Knusius, 1939). Die Sache vrurde aber dadurch verwickel- 
ter, class es sicli dann aucli crgab, class es mbglich ist, durcb Na- 
triamsalze andcrcr Siiuren sowie in gewissem Grade nar mit 
Alkali cine Erholiung des a-Keboglutarsiluregebaltes zu bcwirken 
(Simola and Knusius, 1933, 1939; Knusius, 1940). 

Im Zusamraenhang mit dicsen Untcrsucliangen mit Kormal- 
tieron warden anch wcitcrc Vcrsache mit B-avitaminotischen 
Ticrcn vorgenommen. Es war die Absiclit, mittels cpiantitativer 
Methoden Aufschluss iiber das Vorkommen der Brenztrauben- 
siiure and a-Ketoglutarsaarc im Blut, in den Geweben and im 
Horn zu erlialtcn. Wcitcrliin war die Absicht, die Frage iiber die 
Anhiiufung andcrcr a-Kctosiiuren bci B-Avitaminosen, insbeson- 
derc bei Karenz des Bi- Vitamins, zu beleuchten and die "Wirkung 
des iilangels an B,-Vitamin auf den Umsatz des Alanins and der 
Glutaminsaure niiher zu untersuchen. 

In Anbetracht dcr ncuen Bafundc iiber die Beziehung der 
Citronensaure zur Brenztraabensaure wurdc auch auf das Ver- 
lialten der Citroncnsiiurc bei Belastung mit Brenztraubensaure 
and verscluedencn anderen Sauren — u. a. mit Gi-Dicarbonsauren, 
/9-O.xybuttersaure and Acetessigsiiure — sowie bei B-Mangelzu- 
stiinden geachtet. 

Es wurde dabei fesbgestellt, dass bei einer Erliohimg des Ge- 
lialtes an a,-Ketoglutnrsaurc im Harn fast regelmiissig gleicb- 
zeitig eine Steiger ung der Citronensaureausscheidung vorkommt 
(Simola, 1938 a, b; Simola, Knusius and Alapeuso, 1938; 
Simola and KosuxEx, 1939; Simola and Knusius, 1939; Knu- 
siuSj X£t^0). 

Hinsichtlich der Wirkung der B-Vitaminkomponenten auf den 
Citronensaurcstoffwecbsel warden bei B-Mangelzustanden je nach 
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dem Stadium des Mangelzustandes im Citronensauregelialt des 
Battenliarns verscidedene 'Werte gefunden, Trie schon friilier 
vorliiufig mitgeteilt Tvurde (Keusius und Simola, 1938; Kru- 
sius, 1940). 

Ausser Blut und Harn wurden als Untersuclningsmaterial ver- 
schiedene GeTrebsarten verwendet. Bei B-avitaminotiscben Tie- 
ren Tvandten sich diese Versuche zunachst dem Auftreten und 
dem Umsatz der Brenztraubensaure und der a-Ketoglutarsaure 
sovrie der Citronensaure in den verschiedenen Organen zu. 

Die vorliegende Arbeit bescbriinkt sicb darauf, eine Zusam- 
menfassung aus einer Anzabl von Versucbsreiben udederzugeben, 
Tvorin ak unmittelbare Erganzung meiner fiiiberen, die Bezieb- 
ungen zwiscben dem a-Ketoglntarsaureumsatz und der B-Vitamin- 
gruppe betreffenden Untcisucbungen versucbt vrird, dutch quan- 
titative Methoden das Auftreten von Brenztraubensaure und a- 
Ketoglutarsaure im^Hain und im Blut bei B-Vitaminmangelzu- 
standen zu beleuchten, wahrend gleichzeitig auch dem Umsatz 
der Citronensaure Aufmerksamkeit ge\ridmet uird. 

Es Tvar die Absicht, die vorliegenden Untersuchungen, vrelche 
zum grossen Teil friiher in Fxiedenszeiten durchgefiihrt vrurden 
und damals vregen Schtriengkeiten in der Beschaffung vonB- 
Yitaminpraparaten und des Misslingens einiger Tierversuchs- 
reihen unvollstandig blieben, spater auf andere "Weise zu ergran- 
zen. Die besonderen Yerhaltnisse boten hierzu spater jedocli nur 
begrenzte Moglichkeiten. 

Zur Methodik. 

Vom Standpunkt der Methodik aus verursachte besonders die quan- 
titative Bestimmung der Brenztraubensaure und a-Ketoglutarsaure 
grosse Schvderigkeiten. Dies gait besonders fiir die Blutanalysen, bei 
denen sebr kleine Mengen dieser Substanzen bestimmt werden muss- 
ten. Fiir die Brenztraubensaure bestand die Moglichkeit, zu versucben, 
sic nach dem Prinzip von Case (1932) zu bestimmen, indem man Di- 
nitropbenylhydrazin zu Hilfe nimmt, uie man in letzter Zeit haufig 
verfahren bat. Es muss jedoch bemerkt vrerden, dass beim Gebraucb 
der verschiedenen Modifikationcn von Case’s Methode oft ausser 
Acht gelassen vrird, dass diese Methode kein'e iinbedingt spezifische 
Bestimmungsueise der Brenztraubensaure fst. Die Schuankungen, die 
im Umsatz der Brenztraubensaure beispielsweise bei Anwendung der 
bekannten Methode von Ltr (1939) festgestellt uorden sind, konnen 
offensichtlich zum Teil auf dem Einfluss anderer Ketosauren beruhen. 

Es erwies sich darum als notwendig, zu versuchen, ein Verfahren fiir 
Blut zur gleichzeitigen Bestimmung von Brenztraubensaure xmd a- 
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Ketoglutarsaure zu cntwickeln. Die Versuclie, die Brenztraubensaure 
und die a-Ivetoglutarsaurc mit Hilfe spcziellcr Jarbreaktionen auf 
kolonmetnscbem Wogc zu bcstimmcn, fiibrten besonders in Bezug 
auf die a-Kctoglutarsfinro zu keineii brauchbaren Ergebnissen. Da- 
gcgpn acbiencn bosscro Moglicbkoitcn vorbanden zu sein, dass ver- 
scbiedenc Verbaltcn dcr Dinitropbcnylbydrazinverbindungen der 
Brenztraubcnsihiro und dcr a-Kefcoglutnrsiiuro auszunutzen. Abge- 
Eoben davon, dass dicsc Verbindungcn in alkaliscber Eeaktion ver- 
schicdcno Farboigcnscbaftcn haben, wic ich friiber bemerkt babe, 
(SiMOliA, 193G a, 1939), bestcbt aucb in ibrer Loslicbkcit ein Unter- 
Ecbied. Ausser fiir qualitative knnn man aucb fiir quantitative Zwecke 
die Tatsacbc ausimtzcn, dass die Dinitropbcnylbydrazinverbindung 
dor a-Ketoglutarsfiuro in nlkotioliscber Lauge Ecburer loslich ist, Unter 
Ausnutzung cben dicser Eigcnscbaffc wurde in einer Anzabl von Fallen 
versucbt, das Auftretcn von Brenztraubensaure und a-Ketoglutar- 
sHurc im Blut zu cnnittcln. Sowohl die Brenztraubensaure als aucb 
die a-Kctuglutarsaure wurden znerst als Dinitropbenylhydrazinver- 
bindung ausgesebieden, danacb vrurden die Verbindungcn mit Hilfe 
von alkobolischer Lauge voneinandcr getrennt, wonacb auf Grund der 
Farbe dor Dinitropbcnylhydrazinverbindung die Brenztraubensaure 
und dann in gleicber Weiso kolorimetrisch aucb die a-Hetoglutarssure 
bestimmt unirde. Das Verfabren "wird in andcrem Zusammenbang 
gonauer bescbricbcn. 

In cinigeu Fallen musstc man sich bci dcr Bestimmung der a-Keto- 
sauren nur mit dor Bestimmung dcr bisulfitbindenden Substanzen 
begniigen, u'ozu die ^lodifikation von Elliot, Bekot und Baker 
(1935) angewnndt \vurdc. 

Ham konnt-e verliiiltnismassig reicblicb erbalten werden, und bei 
Harnuntersuebung konntc ausser dcr oben erwabnten Metbode aucb 
das von Krusius (1938, 1940) angewandte Verfabren zu Hilfe genom- 
men u'crdcn, dessen Prinzip darin bestcbt, dass die Brenztraubensaure 
zuerst durch Ecduziorung zu blilcbsaure, und die a-Ketoglutarsiiure 
durcb Oxydicrung ibrer Dinitrophenylhydrazinverbindung zu Bern- 
stcinsiiurc bestimmt wird. 

Zur Bestimmung dor Citronensnure im Blut urarc die Mogbebkeit 
vorbanden gewesen, die cnz}Tiiatiscbe Metbode von Thtjkberg (1929) 
zu benutzen, vrelcbc in anderem Zusammenbang bei der Durcbfiibrung 
von Bestimmungen der Citronensaure im Blut in diesem Laboratorium 
im Gobraucb ivar. Es war jedocb gewohnlicb niebt moglicb, dass das 
aus den Versuebstieren erbaltlicbe Blut ausser zur Bestimmung der 
Brenztraubensaure und dcr a-Kctoglutarsaure aucb nocb zur Bestim- 
mung der Citronensaure ausreicbte, wesbalb man sicb bei den Bestim- 
mungen der Citronensaure nur auf den Harn besebrankte. Beim Harn 
erwies es sicb wiederum in der Praxis zwcekmassiger, die bekannte 
Metbode von Pucheb, Sheriian und Vickery (1936) anOTwenden. — 
Wegen metbodiseber Scbwierigkciten war es dagegen niebt mo^cb 
das Vorkommen und Verbnlten dcr Isocitronensaure zu untersueben, 
obgleicb dieser Verbindung als Zwisebenprodukt offenbar eine wicb- 
tigere Rollc als der Citronensaure zukommt. 
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Als Versuclistiere -WTirdeii Eatten nut einem Anfangsgewiclit von 
50 — ^160 g verwendet. Die zum Vergleioh benutzten KontroUtiere er- 
hielten als B-Vitaminquelle Hefe. B-Vitaminmangelzustande wurden 
in folgenden Gmppen angeordnct: Ganzliciier B-Vitaminmangel, B^- 
Vitamin allein oder znsammen luit Lactoflavin als Vitaminquelle und 
autoHavisierte Hefe allein oder zusammen mit B^ als B-Vitaminquelle. 
Es wurden auch andere B-Vitaminmangelzustande angeordnet. Die 
Versucbe misslangen jedooli mekr oder weniger, nnd Kesultate werden 
in diesem Znsamtnenbang rdcht veroffentlicht. 

Von Bi-Vitamin und Lactoflavin wurde das etwa Funf- bis Zebn- 
facbe der dem Idindestbedarf einer Eatte entspreobenden Menge ver- 
abreicbt. Der Hefe vnirde vor dem Autoklavisieren etwas Alkali zu- 
gesetzt. Was die Anordnung der Avitaminoseversucbe im ubrigen be- 
trifft, so verweise icb auf die friiberen Arbeiten aus diesem Laborato- 
rium (Ejtusros und SniOLA, 1937; Simola, 1939). 

Das Blut ■mirde unmittelbar nacb Dekapitieren in eine Trioblor- 
essigsaurelosung hineinpipettiert. 

Der Harn wurde mit Hilfe von Harntricbtern aufgenommen. Wab- 
rend des Sammelns waren die Tiere obne Nahiung. Um die Einwirkung 
des Hungers zu eliminieren wurde das Sammeln des Hams jeweils nur 
auf 12 Stunden ausgedebnt. Auf der angewandten Metbodik berubt, 
dass die Menge der pro Zeiteinbeit im Harn ausgescbiedenen Stoffe 
relativ kleiner war als dann, wenn der Harn in der ublichen Weise im 
Verlauf von 24 Stunden gesammelt wird, imd die Versucbstiere unge- 
hindert Nabrung zu sicb nebmen konnen. 

Mit dem Sammeln des Hams wurde begonnen, sobald das Wacbs- 
tum der Versucbstiere anfiog stebenzubleiben, xmd die Entnabme der 
Harnproben wurde mit kurzen Pausen so lange fortgesetzt, bis die 
Mangelerscbeinungen weit vorgescbritten waxen. Auf Grand der Werte 
der Harnproben wurde die durchscbnittlicbe Ausscbeidung der zu 
imtersucbenden Stoffe wahrend des Mangelzustandes berecbnet. Die 
in der Ausscbeidung vorkommenden Scbwankungen wiibrend der ver- 
scbiedenen Stadien des Mangelzustandes werden im Folgenden nicbt 
naber bescbricben. 

In Bezug auf die Ausscbeidung der in Frage stebenden Substanzen 
bestanden scbon zwiscben den Individuen der gleicben Tiergruppe be- 
deutende Unterscbiede. Der Vergleicb zwiscben den verscbiedenen 
Grappen war in vielen Fallen nur auf Grund von aus verbaltnismassig 
zablreiohen Einzelfallen errecbneten Mittelwertzablen moglicb. Vom 
Standpunkt des Vergleicbs aus erwies es sicb aucb als notwendig, das 
Gewicbt der Eatten zu beriicksicbtigen. Die im Folgenden angefiibrten 
Zahlen bezieben sicb auf 1,000 g Eattengewicbt. 


Tersuclie. 

Im Folgenden urerden zuerst einige Ergebnisse aus Versucbs- 
reiben wiedergegeben, worin beabsicbtigt wurde, bei der Bestim- 
mung von Bfenztraubensaure und a-Ketoglutarsaure das oben 
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erwaliiite kolorimetrisclie Bestimmungsverfalireii anzuwenden. 
Von den Mangeltieren wurde eine Gruppe in ganzlichem B- 
Vitaminmangel gehalten. Bei den anderen Gruppen wurde als 
B'Vitaminquelle Bi-Vitamin oder autoklavisierte Hefe verwen- 
det. 


Harn. 

Die Besultate der Harnunteisucliungen sind in der folgenden 
Tabelle wiedergegeben. 

Tabelle 1. 


Aussclieidung in mg auf 1,000 g Batiengewicht in 12 Stunden. 



Brenz- 

trauben- 

aanre 

a-Keto- 

glutar- 

skure 

Citronen-i 
satire 1 

i 

Ganzlicher B-Vitaminmangel 

2.6 

13.0 

1.3 1 

B, -Vitamin ala B-Vitaminquelle 

1.0 

1.0 

1.3 ! 

Autoklavisierte Hefe ala B-Vitaminquelle. . . . 

2.6 

57.8 

1.5 i 

Kontrolltiere 

1.8 

2.9 

1.6 : 


Wie aus der Tabelle erbellt, scbeint die Brenztraubensaure- 
menge bei ganzlicbem Mangel an B-Vitamin und bei Benutzung 
von autoklavisierter Hefe als B-Vitaminquelle grosser zu sein 
als bei den Kontrolltieren, ■wenn die Differenz aucb sebr klein 
ist. Merkv’^iirdigerweise ist bei Tieren, welcbe Bi- Vitamin als 
einziges B-Vitamin erbalten haben, die Brenztraubensauremenge 
verbaltnismassig niedrig. 

tibereinstimmend mit fruberen lialbquantitativen Bestim- 
mungen war dagegen sowobl bei ganzlicbem Mangel des B-Kom- 
plexes als aucb besonders bei Anwendung von autoklavisierter 
Hefe als B-Vitaminquelle eine sebr starke Zunabme des a-Keto- 
glutarsauregebaltes im Harn festzustellen, Im ersteren Ball war 
^e Steigerung ca vierfacb, im letzteren zwanzigfacb. In einzelnen 
Fallen koimte im Harn sogar 0.6 % a-Ketoglutarsaure auftre- 
ten. Bei Anwendung von Bi-Vitamin als B-Vitaminquelle war 
die Menge der ausgescbiedenen a-Ketoglutarsaure auffallend ge- 

In Bezug auf die Ausscbeidung von Citronensaure zeigen me 
Mittelweite keine deutbcben Unterscbiede. Bei Tieren, die keine 
deutlicben Mangelsymptome aufwiesen, konnten bisweilen relativ 
bobe Citronensaurewerte festgestellt werden. Bei bocb entwick- 
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elten Mangelzxistanden wiederum •wurden oft reclit geringe Meng- 
en Citronensaure ausgeschieden. 

Blut. 

In der untenstelienden Tabelle sind die ]\Iittelwerte aus einer 
Anzalil die Menge der bisulfitbindenden Substanzen des Blutes 
betreffenden Bestimmungen wiedergegeben, welcbe wegen der 
Einfachbeit der Metbodik leicbt durcbzufiibren waren. Die An- 
zabl der Bestimmungen in jeder Gruppe betrug 6 — 20. 

Tabelle 2. 

BisulfHbindende Substanzen als Brenztraubensaure berechnei in mg 


GrSDzlicher B-Vitaminraangel 6.2 

Bj-Vitamin als B-Vitaminquelle 7.9 

Bi-Vitatnin and Lactoflavin als B-Yitaminqnelle .... 6.9 

Autoklavisierte Hcfe als B-Vitaminqnelle 7.1 

Kontrolltiere 4.8 


Im Yergleicb zu den IVerten der Kontrolltiere ist in samt- 
licben Mangelgruppen die Menge der bisulfitbindenden Substanz- 
en deutlicb gestiegen. In diesem Falle war der Gebalt an bi- 
sulfitbindenden Substanzen bei Anwendung des B^- Vitamins 
im blittel viel bober als friiber festgestellt worden war. Der 
Anstieg des Jilittelwertes wurde dadurcb verursacbt, dass von 
den 12 Werten der Gruppe 4 aussergewobnlicb bocb waren, 
wabrend die iibrigen normal oder nur verbaltnismassig wenig 
grosser als normal waren. — In diesem Zusammenbang sei er- 
wabnt, dass bei B-Vitaminraangeltieren, z. B. bei mit autokla- 
\dsierter Hefe gefiitterten, der Gebalt an bisulfitbindenden Sub- 
stanz im Blut mitunter merlcwurdig bocb sein kann, wobei er 
mebr als 20 mg% entspricbt. Am Anfang hatte es den Anscbein, 
als ob es sicb um irgendeinen auf technischen Umstanden be- 
ruhenden Versucbsfebler bandelte. Auf Grund spaterer Beob- 
acbtungen scheint sicb jedocb zu ergeben, dass diese Erscbei- 
nung auf einer Zunabme der Ketoverbindungen beruLt. 

Was die nacb dem neuen Prinzip ermittelten Brenztrauben- 
saure- und a-Ketoglutarsaurewerte im Blut betiifft, so ist die 
Angabe der Jlittelwertzablen scbwierig, was darauf berubt, dass 
sicb die Sletbodik nocb unter Entwicklung befand, und die Grosse 
der erbaltenen Werte zu verscbiedenen Zeiten etwas scbwankte. 
In den meisten Fallen wurde fiir den Normalweit der Brenz- 
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traubensiiurc im Blut von Normalticren 1.4— 2.2 mg% etlialten. 
Im Vergleich zu den Kontrolltieren ]fonnte bei den Tieren der 
Mangelgruppen niclit immer cin deutlicber Unterscbied angetrof- 
fen wcrden, was zum Toil darauf berubt, dass die Mangelsymp- 
tome in den imtersucbten Fallen noch nicbt weit genug entwdckelt 
waren. Die deutlicbste imd gleicliraiissigste Neigung zum Anstieg 
war in der Gruppe der mit autoklavisierter Hefe gefutterten Rat- 
ten festzustellen, wo 9 von 10 Brenztraubensaurebestimmungen 
2 mg% iiberstiegen, wobei der Hochstwert 3.4 mg% betrug. Bei 
Ausscbluss des ganzen B-Komplexes war der bocbste Brenz- 
traubensaurewert 3.8 mg%, andererseits ergaben die Analysen 
bei totaler B-Vitaminkarenz auch relativ niedrige "Wertc. 

Hinsiclitlich des Gelialts an a-Ketoglutarsiiure stellte es sicL 
beraiis, dass diesc Siiure bei Normaltieren im Blut so wenig vor- 
banden war — unter 1 mg% — dass ibre genauc Bestimmung 
aus kleinen Blutmengen sebr scbwierig war. In einigen Fallen 
waren die Werte bei jN'ormaltieren deutlicb bober, aber die Frage, 
ob dies auf einem raetbodiscben Febler oder tatsiicblicb auf einem 
boberen a-Ketoglutarsliuregebalt berubt, blieb ungeklart. Was 
die Gruppen der Mangeltiere betrifft, so sei erwabnt, dass der 
bocbste im Verlauf dieser Untcraucbung festgestellte a-K.eto- 
glutarsiiurewert, 5.2 mg%, in der Gruppe der mit autoklavisierter 
Hefe ernabrten Ratten festgestellt wurde. In den meisten Fallen 
war die Steigerung so gering, doss ein wirklicb iiberzeugender 
Unterscbied im Vergleicb zu den Normaltieren nicbt vorbanden 
war. 

Hiernacb mogen Resultate aus einer anderen Versucbsreibe 
wiedergegeben werden, wo man sicb in Bezug auf Harn auf die 
Bestimmung der a-Ketoglutarsiiure und der Citronensaure, imd 
in Bezug auf Blut die der bisulfitbindenden Substanzen be- 
scbriinkte. Bei der Bestimmung der a-Ketoglutarsaure im Harn 
wurde bierbei Kkusius’ Metbodik zu Hilfe genommen. In Bezug 
auf die Deckung des B-Vitaminbedarfes waren folgende Gruppen 
Gegenstand der Untersucbung; Totaler B-Vitaminmangel, als B- 
Vitaminquelle autoklavisierte Hefe und als B-Vitaminquelle auto- 
klavisierte Hefe und Bj-Yitamin. 


Harn. 

Die blittelwerte der Harnbestimmungen sind in folgender Ta- 
belle zusammengestellt. 
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Tabelle 8. 

Ansscheulung in mg anf 1,000 g Sattengewicht in IS Stunden. 


<5anzlicher B-Yitaniinmangel . ■ 

Autoklavisierte Hefu als B-Titaminqnelle ■ • 

Antoklavisicrte Befe und B(-YitamiD als Yifaminqnellc . . 
Kontrolltiere 


a-Keto- 

gliitar- 

sSuro 


Citronen- 

silare 


— 1.9 

14.7 2.1 

3.C 3.2 

1.4 2.0 


Wie aus der Tabelle hervorgebt, ist in der mit autoklaidsierter 
Hefe gefiitterten Eattengruppe, tto Bi-Vitaminmangel am ebesten 
in Trage kam, im a-Ketoglutarsauregebalt wiederum eine Stei- 
gerung fesfczusfcellen, vrenn aucb dicsmal nicbfc so stark irie in der 
friiber erwalmten Yersucbsreibc, wo die a-Ketoglutarsaure mit 
einem anderen Ycrfabren bestimmt wurde. Bei Amvendung von 
Bi-Yitamin als Komplettierung der autoklavisierten Hefe sank 
die Ausscbeidung von a-Ketoglutarsaure, jedocb nicbt ganzlicb 
nuf das Niveau der Normahverte. 

In den iMittehverten der Gitronensaure sind keine grosseren 
Undcrscbiede wabrzunebmen. Aus irgendeinem Grunde sind in 
diesen Gruppen die Mengen der im Harn ausgoschiedenen Citro- 
nensiiure durcbweg etwas holier als in den oben besprochenen 
Reiben. 


Blut. 

Die llesultate der Bestimmung von bisulfitbiiidenden Substan- 
zen bei dieser Yersucbsreihe sind in der folgenden Tabelle wider- 
gegeben. Die Anzabl der Bestimmungen bei den angefiibrten zwei 
Tiergruppen betrug je 10. 

Tabelle i. 

Bisulfilbindende Siibstamen ah Brcnzlranbensanre berechnet in mg "/o. 

Antoklavisicrte Hefe al.s B-Yitaminqncllc 9.5 

Autoklavisierte Hefe nnd B, -Vitamin als B-Quellc .... 3.9 

Yae bei der friiher aufgefiibrten Yersucbsreihe war der Gebalt 
an bisulfitbindenden Substanzen bei Fiitterung mit autoklavi- 
sierter Hefe deutlicb erbobt. Durcb Komplettierung der autokla- 
idsierten Hefe mit Bi-Yitamin wurde die Menge der bisulfitbin- 
denden Substanzen sehr deutlicb gesenkt. Der ]\Iittelwert war 
sogar etwas niedriger als gewohnlich bei Normaltieren. 
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Bcsprccliuiig der Ergobnisse. 

Die oben clargestellten Ergebnisse stehen zum grossten Teil 
ini Einklang mit den friiher in dicsem Laboratorium gcmacbten 
Beobaclitungen betreffend der Beziehung zwischen der B-Vita- 
iningruppe iind deni a-Ketosanrestoffwechsel. 

Bei B-Vitaminmangelzustanden wie bei Ausscliluss des ganzen 
B-Vitaininkomplexes nnd besonders bei Anwendung von auto- 
klavisiertcr Hefc als B-Quelle tritt als typische iilangelersclieiniing 
einc erbohte Ausscheidiing der a-Ivetoglutarsaure auf. Haupt- 
gnind fiir diese Ersclieinung ist der j\langel an Br Vitamin. Im 
Brenztraubensauregelialt des Harns dagegen ist jedenfalls keine 
auffallige Steigerung festziistellen. Dagegen ist es offensicktlicli, 
dass die Brenztraubensaure bei der im Bhit auftretenden An- 
hiiiifung der Ketosiiurcn beteiligt sci, die im Zusammenhang mit 
der gesteigerten Kctosaureausscbeidung bei B-Yitaminmangel- 
tieren in Ersclieinung tritt. 

Die Frage, in ivelcbem Uinfang die iibrigen Faktorcn des B- 
Vitaminkomple.xes Einfluss auf diese im a-Ketosaureumsatz auf- 
tretenden Ersclieinungen haben, ivurde aucli in diesen Versuclis- 
reihen nicht endgiiltig geklart. Bei Anwendung von Bi-Vitamin 
als Ivomplettierung der autoklavisierten Hefe blieb die Menge 
der bisulfitbindenden Substanzen im Blut relativ niedrig, aber 
die im Harn ausgescliiedeiie Menge a-Ketoglutarsaure war bei 
Bestimmung mit Krusius’ Verfaliren etwas grosser als gewolin- 
licli. Es ist moglicli, dass dies darauf zuriickzufuliren ist, dass der 
autokla\dsierten Hefe vor der Autokla^^sie^ung etwas Alkali zu- 
gesetzt wurde. Andererseits ist es niclit ganz unmoglicb, dass 
liierauf der Mangel eines bei der Autokla^dsierllng vernicbteteu 
Faktors des B-Vitaminkomplexes Einfluss geliabt babe. V enn 
Bi- Vitamin allein als B-Quelle verabreicht wurde, war merk- 
wurdigerweise im Gegenteil der a-Ketoglutarsauregelialt im Harn 
verlialtnismassig niedrig, die Menge der bisulfitbindenden Sub- 
stanzen im Blut dagegen gestiegen. 

Die Frage, weslialb die Wirkung des BrVitaminmangels im 
Harn in Form einer erboliten a-Ketoglutarsiiureausscbeidung er- 
scbeint, war im friiberen Stadium scbwer zu klaren. In die Frage 
kani spiiter mebr Liclit dutch eine Menge in diesem Laborato- 
rium durcligefiilirter Untersuchungen, bei denen der Umsatz der 
Brenztraubensaure mit Hilfe von in \’ivo- und in ^•itro-'\'e^suchen 



Vber den umsatz der brexztraubeesaure. 125 

naher untersuclit wurde. Bei diesen Untersuchtmgen stellte sich 
u. a. heraus, -wie sclion friiher erwahnfc wurde, dass das Natrium- 
salz der Brenztraubensaure eine Steigerung der Ausscbeidung 
von a-Ketoglutarsaure und Citronensaure verursacht. ImBrenz- 
traubensauregehalt des Hams tritt dagegen keine grossere Stei- 
gerung bervor (Simola, 1937, 1938, a; Simola und Kkusius, 1939; 
Krusius, 1910). In spateren Versucben, die nocb nicbt veroffent- 
licbt worden sind, vurde u, a. gleicbzeitig nach Verabreichung 
von Brenztraubensaure die Menge der Brenztraubensaure und 
der a-Ketoglutarsaure im Blut und im Harn bestimmt und fest- 
gestellt, dass die Eriiohung des a-Ketoglutarsauregebaltes im 
Blute sehr deutlich auftreten kann, indem gleicbzeitig im Harn 
um ein Yielfacbes reicblicber a-Ketoglutarsaure als Brenztrau- 
bensaure ausgescbieden wird. 

Wenn aucb diesc Wirkung der Brenztraubensaure auf die Er- 
bobung der Ausscbeidung an a-Ketoglutarsaure keine spezifiscbe 
Erscbeinung fiir die Brenztraubensaure ist, v’ie scbon friiber be- 
merkt v'urde, so gabon diese Resultate docb jedenfalls dazu An- 
lass, die Moglicbkcit in Betracbt zu zieben, dass die TJrsacbe fiir 
die Anbaufungen von a-Ketoglutarsaure bei Mangeltieren die 
durcb den Jlangel an Bi- Vitamin hervorgerufene Zunabme von 
Brenztraubensaure in den Geweben sei. 

Die Erklarung dieser Erscbeinung v*ird jedocb dadurcb er- 
scbwert, dass die Erage der iVirkungsweise des B^- Vitamins in 
ibren Einzelheiten nocb unklar ist. Dass Bi-A^itamin als Aktivator 
beim Stoffwecbsel der Brenztraubensaure benotigt wird, ist sicber. 
Man konnte sicb denken, dass die beobacbtete fordernde Wirkung 
des Bi- Vitamins auf verscbiedene Beaktionen im Stoffwechsel der 
Brenztraubensaure darauf berubt, dass die Richtung der iVirk- 
ung des Bi- Vitamins von der Art der damit wirkendcn Eerment- 
proteine abhangig ist. Andererseits ist zu bedenken, dass auf die 
Entstebung der verscliiedenen Reaktionsprodukte aucb andere 
Eaktoren einvirken konnen, nde z. B. der Umstand, in welcben 
Masse in Zellen andere reaktionsfahige Verbindungen, z, B. Oxal- 
essigsaure oder Acetaldebyd, gebildet werden, welcbe mit der 
Brenztraubensaure oder irgendeinem daraus entstebenden labilen 
Zwischenprodukt reagieren konnen. In welcbem Umfange Bi- 
Vitamin im Stoffwecbsel der iibrigen a-Ketosauren benotigt 
v'ird, ist vorerst eine sebr unklare Erage. Nacb McGowan und 
Peters (1937) ist die im Taubengebirn vorkommende Brenz- 
traubensaureoxydase, als deren Aktivator Bj-Vitamin funktio- 
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niert, oline Wirkung auf a-Ketoglutarsaure. Gewisse Befunde ha- 
ben jedoch spater daraufhin gedeutet, dass Bi-Vitamin auch Be- 
deutung im Stoffwechsel der a-Ketoglutarsaure babe. Unter der 
Voraussetzung, dass das Bi-Vitamin tatsachlich ein im Stoff- 
wechsel der a-Ketoglutarsaure notwendiger Faktor sei, koimte 
man sick denken, dass die Anhaufung von a-Ketoglutarsaure 
ihrerseits darauf beruht, dass neben Verhinderung des Breuz- 
traubensaureumsatzes bei Bi-Vitaminmangel auch eine Verlang- 
samung des tveiteren Abbaus der a-Ketoglutarsaure auftritt. Der 
Umstand, dass im Harn im Vergleich zur Brenztraubensaure 
ganz besonders reichlich gerade a-Ketoglutarsaure ausgeschieden 
wird, wird hierdurch jedoch nicht in vollig befriedigender Weise 
erklart. 

Hinsichtlich einer moglichen wirklichen Vermehrung der a- 
Ketoglutarsaurebildung liegt der Gedanke nahe, dass die a-Ke- 
toglutarsaure aus Glutaminsaure entstanden sei. Eine solche Mog- 
lichkeit wird dutch die neuen Befunde uber die dutch Brenz- 
traubensaure hervorgerufene Umaminierung (Braunstein und 
Kritzmakn, 1937, 1939) gestiitzt. In diesem Laboratorium wurde 
auch seinerzeit gefunden, dass der alleinige Zusatz von Brenz- 
traubensaure zu tierischen Geweben in vitro eine Bildung von 
a-Ketoglutarsaure und Alanin hervorrufen kann (Simola und 
Alapeuso, 1939, 1943). Nach Kbitzmaitn (1940) soil zwar die 
Umaminierung bei Bi-Vitaminmangel herabgesetzt sein. Ander- 
erseits konnten Barron, Lyman, Lipton und Goldinger (1941) 
keine Wirkung des Bi- Vitamins auf die Umaminierung feststellen. 
Es ware auf jeden Fall wichtig gewesen festzustellen, ob neben 
der Zunahme der a-Ketoglutarsaure eine Vermehrung des Ala- 
ningehaltes im Harn und im Blut auftritt. Die besonderen 
Umstande machten jedoch leider die der Durchfiihrung der 
Bestimmung des Alanins gewidmeten weiteren Untersuchungen 
unmoglich. 

Was im iibrigen die Bildung der a-Ketoglutarsaure betrifft, 
schien von Anfang an Grund vorzuliegen, die Moglichkeit in Be- 
tracht zu ziehen, dass a-Ketoglutarsaure auch von selbst aus 
Brenztraubensaure entstehen konnte, und es war eben diese 
Moglichkeit, der etwas spater besondere Beachtung zugewandt 
wurde (vgl. Simola, 1938 a, b; Simola und Krusius, 1939; 
Simola und Alapeuso, 1938, 1939, 1943). 

In Anbetracht der Befunde, dass aus der Citronensaure enzy- 
matisch a-Ketoglutarsaure gebildet wird (Martius und Knoop, 
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1937), und dass in Gevrebebreiversuchen aus Brenztraubensaure 
imd C^-Dikarbonsauren eine deutliche Citronensauresyntbese fest- 
zustellen ist (Simola und Alapeuso, 1938; Simola, Hallman 
und Alapeuso, 1939; Hallman und Simola, 1939; Hallman,, 
1939, 1940) schien Gmnd vorhanden, die Moglicbkeifc einer Ent- 
stehung der a-Hetoglutaxsaure iiber die Citronensaure in Be- 
tracbt zu zieben. 

Dadurcb waren aber nicbt alle experimentellen Befunde zu 
erklaren, und es erbob sicb aucb die Erage, ob die Brenztrauben- 
saure auf irgendeinem nocb unbekannten Wege in a-Ketoglutar- 
saure iibergefiibrfc vrerden kann. Auf Grund gewisser experimen- 
teller Befunde erscbeint es moglicb, dass aus Brenztraubensaure 
und Oxalessigsaure auf einein anderen Weg als iiber Citronen- 
saure a-Ketoglutarsaure gebildet "srerden konnte. — Die Hypo- 
tbese, dass aus Essigsaure und Brenztraubensaure a-Ketoglutar- 
saure gebildet -werde (Krebs, 1936), war dagegen experimentell 
nicbt zu bestjitigen, wenn aucb einige orientierende Versucbe 
anfangs in gewissem. Masse fixr diese Moglicbkeit zu sprecben 
scbienen. (Eine andere Erage ist, ob moglicberweise eine beim 
Zerfall der Brenztraubensaure entstebende Vorstufe der Essig- 
siiure mit dor Brenztraubensaure reagiert unter Bildung von 
a-Kctoglutarsaure.) 

In diesem Zusammenbang kann erwiibnt werden, dass die letz- 
ten Befunde darauf liingedeutet baben — vor allem die Versucbe 
von Evans und Slotin (1940) mit radioaktivem Koblendioxyd 
— dass ausser bei Mikro-Organismen, wie Wood und Werkman 
(1938, 1939, 1940) festgestellt baben, aucb im Tierorganismus eine 
Syntbese von Oxalessigsaure aus Koblendioxyd imd Brenztrau- 
bensaure moglicb ist. An und fiir sicb konnte biermit vielleicbt 
die Ersebeinung erklart werden, dass bei Verabreiebung von Al- 
kali im Harn neben Citronensaure erbobte Mengen a-Ketoglu- 
tarsaure ausgesebieden werden, wabrend im Gebalt an Brenz- 
traubensaure, Milcbsaure und Acetonkorper keine deutlicbe Stei- 
gerung wabrzunebmen ist. Man konnte sicb denken, dass die 
Erbobung daber kommt, dass durcb die Einwirkung des Alkali 
der Bicarbonatgebalt im Organismus zunimmt, woraus wieder- 
um eine Zunabme der Bildung von Oxalessigsaure folgt. 

Es sei nocb erwabnt, dass Krebs und Eggleston (1940) der 
Meinung sind, dass Bi-Vitamin bei der Vereinigung von Koblen- 
dioxyd mit Brenztraubensaure zu Oxalessigsaure als Aktivator 
wirke, Wenn dies der Fall ist, ware eigentUeb zu erwarten, dass 
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bei Bi-Vitaminmangel im Organismus weniger als gewohnlich 
Oxalessigsaure entstiinde, und daraus folgte die Verminderung 
der Entsteliung, von Citronsaure und a-Ketoglutarsaure, -wahrend 
die Menge der Brenztraubensiiure sfceigfc. Dies stebt jedoch im 
Widersprucb mit der Tatsache, dass bei Bi-Vifcaminmangel im 
Gegenteil eine Anbaufung von a-Ketoglutarsaure auftritt. Aber 
andererseits kann zur Erklarung naturbob bemerkt werden, dass 
die Menge der im Organismus gebildeten a-Ketoglutarsaure aucb 
von anderen Eaktoren abbangig ist. Es wurde ja scbon friiher 
u. a. auf die Bedeutung der Glutaminsiiure bei der a-Ketoglutar- 
aaurebildung bingewiesen. 

Was besonders den Citronensaurestoffwecbsel betrifft, so konn- 
te bei B-Vitaminmangelzustanden gleicbzeitig beim Steigen des 
a-Ketoglutarsauregebaltes im Harn keine Zunabme der Aus- 
scbeidung von Citronensaure wabrgenommen werden. In einigen 
Ealle schien, wenn die Symptome des Mangeizustandes nicbt 
entwickelt waren, relativ reicblicb Citronensaure im Harn aus- 
gescbieden zu werden, in spaterem Stadium konnten relativ 
niedrige Werte angetroffen warden. In der durcbscbnittbcben 
Citronensaureausscbeidung, welcbe auf die ganze Untersucbungs- 
periode bereobnet war, traten, wie aus den obigen Ausfiibiungen 
berforgebt, keine deutlicben Unterscbiede auf. Auf jeden Ball 
feblt bei Mangel an B^- Vitamin bei der Zunabme der a-Keto- 
glutarsaureausscbeidung ein derartiger deutlicber Anstieg des 
Citronensauregebaltesj was bei normalen Tieren gewobnlich — 
z. B. bei Yerabreicbung von Natriumsalz der Brenztraubensauie 
— mit der Steigerung der a-Ketoglutarsaureausscbeidung ver- 
bunden ist. Ob dies darauf berubt, dass die Fabigkeit des Orga- 
nismus, Citronensaure zu syntbetisieren, gescbwacbt ist, oder auf 
sonst einem den Citronensaurestoffwecbsel beeinflussenden Um- 
stand, ist scbwer zu sagen. Die Mogbcbkeit, dass das Bi- Vitamin 
ein bei der Citronensauresyntbese notwendiger Faktor ware, wie 
scbon friiber angenommen wurde (Halljian und Simola, 1939), 
scbeint jedenfalls nicbt auszuscbliessen zu sein. Die Frage ist da- 
durob' kompliziert, dass der Citronensaurestoffwecbsel offenbar 
von recbt verscbiedenen Faktoren abbangig ist. Es ist in Betracbt 
zu zieben, dass aucb bei dem Abbauweg der Citronensaure die B- 
Vitaminkomponenten wabrscheirJicb eine Bolle spielen. Bei in 
vivo-Versucben ist u, a. aucb die Wirkung der Eeaktion zu be- 
acbten. Durcb die Acidose wird bekanntlicb die Citronensaure- 
ausscbeidung stark berabgesetzt; 



Dber den umsatz der brenztraubbnsadre. 129 

Um niilicren Aufschluss iiber den Umsatz der Citronensiiure zu 
erlialten, war die Absiclit, Belastungsv'ersuche mit verschiedenen 
organischen Siiurcn bei Mnngeltieren anziiordnen und die Bild- 
ung der Citronensaurc bei verschiedcnen Gcweben B-avitamino- 
tischcr Tiere zu untersuchen, Auf Grund vorbereitender in vitro- 
Versuclic schicn cs, dass nucli in Mangelzustanden im Gewebebrei 
cine Syntbese der Citronensaurc in \’itro bus Brenztraubensaure 
und Ci-Dikarbonsiiure errcicht werdon kann. In einigen Fallen 
scliien die Synthetisierung jedoch ctwas scliwacber als normal zu 
sein. Die Anzahl der Yersuclic war jedoch wcgen Unterbrechung 
der Untersuchungen so goring, dass cs schuderig ist, aus ihnen 
^vcitcr gehcnde Schliisse zu ziehcn. 

Da die friihcr in diesem Laboratorium durchgefiihrten Versuche 
gczeigt- habcn, dass die /5-Oxybuttcrsaurc und Acetessigsaure als 
Muttcrsubstanzen bei der Citronensaurcbildung eine wiclitige 
Bollc spielcn kdnnen (Simola, 1938 a; Simola und Alapeuso, 
1938; Hallman und Simola, 1939; Hallman, 1940) kann cs 
angcbracht sein, in diesem Zusnmmonliang zu erwiilmen, dass 
iibcrcinstimmcnd mit den friilicren Bcobachtungen in den be- 
schriebnnen ergUnzenden Vcrsuchcn bei Mangel an B-Vitamin- 
komponenten koine dcutlichcn Storungen im Stoff\rcchscl der 
Acetonkbrper festgcstellt M*crden konnten. 

Zum Schluss scion cinige in der letzten Zeit anderwiirts durch- 
gcfillirte Untersuchungen erwahnt, wclchc iilmlichc Fragen wie 
die oben bcsprochcncn behandeln, 

Banerji und Harris (1939) stcllcn als neuc Beobachtung dar, 
dass bei Bi-Yitarninmangcl im Harn rcichlich bisulfitbindcnde 
Stoffc ausgeschieden werden, ohne jedoch sagen zu konnen, um 
welchc iStoffe cs sich handelt. Dieselbe Beobachtung haben auch 
SiHLS, Day und JIcGollum (1940, 1911) gcmacht. Nach ihnen 
ist die Vermchrung bisiilfitbindcndcr Substanzen auf eine Stei- 
gcrung der Brcnztraubensaurcausscheidung zuriickzufiihren. Uber 
eine Yermehrung des Brenztraubcnsiiuregehaltcs bei Bi-Yita- 
minmangel im Harn berichten auch Harper und Deuel jr, 
(1941), die aber hinsichtlich der Yermehrung bisulfitbindender 
Substanzen auch die Bolle verscliiedener anderer Harnbestand- 
teilc — ivie von Allantoin — in Betracht ziehcn. 

Mcinc friilicren Befunde iiber die Bezichungen des Bi-Vita- 
mins zu dem Stoffivcchsel von a-Kctosjiuren sind den Autoren 
entgangen. 

Die Starke Erhohung der Ausscheidung der a-Ketoglutarsaure 

9 — f/ftOODD. Ada p/ij/s. Scandinav. VoL 7. 
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bci Bi-Vitaminmangel geniigt zwar Bchon zu einem bedeutenden 
Teil urn zu crkliiren, warum die Menge der bisulfitbindenden 
Stoffe im Ham gesticgen ist. Icb babe selbst vor etwa zebu Jabren 
bei den allerersteii Harnuntersucbungen mit B-avitaminotiscben 
Ratten aucb die Bisulfitbindungsmetbode gcpriift, ging aber 
wegen der scbwacben Spezifitat des Verfabrens zu anderen Me- 
tbodcn bei Bestimmung von a-Ketosauren uber. 

Die angegebenen erbobten Brenztraubensiiurewerte durften 
zum grossen Teil auf eine Steigerung des a-Ketoglutarsaurege- 
baltes zuriickzufiiliren scin. Bestimmung der Brenztraubensaure 
mittels der Mctbode von Lu, die man bei den letztgenannten 
Arbeiten benutzt liat, ist fiir die Brenztraubensaure, vrie icb 
oben crwabnt babe, kein voUig zuverlassiges Verfabren. Die Farbe 
der Dinitropbenylhydrazinverbindung der a-Ketoglutarsaure ist 
im Verglcicb mit der Dinitropbenylhydrazinverbindung der 
Brenztraubensaure in alkalisclicr Losung zwar so scbvracb, dass 
bei Bestimmung dcr Brenztraubensaure in iiblicber IVeise mit 
Hilfe von Dinitropbenylbydrazin die Gcgenwart von rclativ ge- 
ringen Slengen a-Ketoglutarsiiure nicbt vcsentbcb stort. Handelt 
es sicb aber um cine so starkc Erbobung des Gebaltes an a-Keto- 
glutarsiiure vie bci Bi-Vitaminmangcl im Harn, ist es nicbt mog- 
licb mittels diescr Jletbode, ctwas Sicbercs iiber den Brenztrau- 
bensiiurcgebalt zu scbliessen. Auf jeden Fall ist es begriindet, bei 
Untersucliungen iiber das Bx-ATtamin und den Stoffvecbsel der 
Brenztraubensaure dem Auftreten und der Bildung von a-Keto- 
glutarsiLure mebr Aufmerksamkeit zuzuwenden als friiber. 

In Bezug auf die Citronensaure liegt sebon aus fruberer Zeit 
die Beobaebtung von Krebs (1938) vor, dass bei Bi-ATtamin- 
mangel dor Citronensauregebalt des Hams betracbtlicb steige. 
Spjiter kamen Sober, Libxon und Ebvehjem (19-10) dagegen zu 
dem Ergebnis, dass der Bi-A^taminmangel vermindernd auf die 
Citronensaureaussebeidung der Ratten virkt. Die Ersebeinung 
trat deutlicb besonders im Polyneuritis-Stadium auf. A'^orber 
ging in den Citronensiiurewerten eine Steigerung vor sicb. Etvas 
spater baben Smith und Meyer (1911) bei Bi-ATtaminmangel 
ebenfalls eine deutlicbe Verminderung der Citronensaureaus- 
sebeidung festgcstellt, sie sind jedocb — im Gegensatz zu Sober, 
Lipton und Ebvehjem — der Ansiebt, dass dies nicbt darauf 
berubt, dass das Bi-ATtamin in enger Beziebung zum Citronen- 
saurestoffwecbsel stebt, sondern darauf, dass die Ratten bei Bj- 
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Vitaminmangel -R-eniger Nakrung zu sick nekmen. Sie katten 
ikrerseits jedock keine ErklaruDg vorzubringen fiir die von So- 
ber, Lipton und Blvehjem gemackte interessante Wakrnek- 
mung, dass im Bi-Vitaminmangel bei Belastung mit bernstein- 
saurem Natrium keine so kraftige Steigerung des Citronensaure- 
gekaltes im Harn vie bei den mit Bj- Vitamin gefiitterten Tieren 
eintritt, velcker TJmstand seinerseits die Auffassimg stiitzt, dass 
das Bi-Vitamin eine direkte Wirkung auf den Citronensamestoff- 
vecksel kabe. — Es kat den Ansckein, dass gerade durck die 
Durckfiikrung versckiedener Bel'astungsversucke bessere Mog- 
lickkeiten bestanden, bei in vitro- Versucken die Beziekung des 
Bi" Vitamins zum Citronensaurestoffvrecksel zu untersucken, als 
durck sonstige Verfolgung der taglicken Citronensaureaussckei- 
dung im Harn, kinsicktlick welcker, vie oben bemerkt vuirde, 
versckiedene Eaktoren leickt Sckwankungen nack der einen oder 
anderen Seite kervorrufen konnen. Es ware auch vicktig bei den 
Citronensaureuntersuckungen dem Vorkommen der Isocitronen- 
saure im Tierorganismus Aufinerksamkeit zu vidmen. 


Zusammenfassnng:. 

Im Ansckluss an frukere Untersuckungen des Verfassers wer- 
den komplettierende A^’ersucke dargestellt, worin unter Anwen- 
dung von quantitativen Metkoden der Umsatz von Brenztrau- 
bensaure, a-Ketoglutarsaure imd Citronensaure bei B-avita- 
minotiscken Batten untersuckt vrurde. Bei der gleickzeitigen Be- 
stimmung von Brenztraubensaure und a-Ketoglutarsaure im 
Harn und Blut wurde ein neues Prinzip zu Hilfe genommen. 

Die Besultate gingen in Bezug auf den Umsatz der a-Eeto- 
sauien in gleicker Eicktung wie friiker. A^on den Eaktoren des 
B-Vitaminkomplexes verursackt vor allem der Mangel an Bi- 
Vitamin eine starke Zunakme des a-Ketosauregekaltes. Hierbei 
kommt am ekesten eine Steigerung der Aussckeidung von a- 
Ketoglutarsaure in Frage. In der Aussckeidung von Brenztrau- 
bensaure konnte keine grSssere Steigerung festgestellt werden. 

Gleichzeitig tiitt im Blut eine Zimakme der Carbonylverbin- 
dungen auf. Dies ist zum Teil auf die Zunahme der Brenztrau- 
bensauremenge zuruckzufiihren. Zum Teil kann auck das Auf- 
treten von a-Ketoglutarsaure und moglickerweise irgendwelcker 
unbekannten Ketoverbindungen der Grund kierfiir sein. 
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Kiiic dcutliclio Krlifilmn;' dcs Gchaltca nn Gitronensaurc im 

ITnni, wclcljc bci Normnlticrcn haufig mit dcr cxperimcntell 

z. B. durch V'crahroiclumg von Natriunnalz der Brenzfcrauben- 
Piuire — hervorgo.rufcnon Stcigcrnng der Ausschcidung von a- 
KctoglutriraiUirc verbunden isl. w/ir bci B-Vitaminmangelzustiin- 
dcn nicht. naclizuwcisen. Vielmehr konntcn bci Kndstadicn der 
Avitaminosen miiimtor relativ' nicdrige Gitronensnurowerte fest- 
goslellt worden. 
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Fisli constitutes an important part of human food consumption. 
Therefore and in view of the fact that the nutritive value of most 
of the fish species in Sweden is not yet known, the biological value 
of the fish protein must be considered as an important problem. 
Tliis value is closely connected with the amounts of indispen- 
sable amino acids present in the protein. Eecently this problem 
has been actualized by the demonstration of Evans et al. 1940, 
that the incorporation of fish in the ration of foxes will be followed 
by a serious disease, the Chastek paralysis. In this paper the 
amino acids obtained by hydrolyzing the muscle substance of 
the cod (Gadus calarias), the roach (Rutilus rutilus) and the 
sprat (Clupea sprattus) were determined. 

In preparing the material for hydrolysis the fresh fishes were 
freed from the skin, viscera, bones and the major pieces of con- 
nective tissues. The muscle substance was then boiled for 20 
minutes, reduced to a pulp by means of a meat chopper and 
•extracted three times with two times its volume of absolute 
alcohol and ether until it was freed from the major part of fat. 
The product was air-dried and powdered by treatment in a rolling- 
mill for 24 hours. After this procedure it was extracted in a 
Soxhlet apparatus. 
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Eesults and Discussion. 

The nitrogen distribution was determined by the electrodia- 
lyzing technique as modified by Theorell (1943). The values 
given in Table 1 are typical of the different fractions. 

Table 1. 


The nitrogen distribution of fish muscle. All values in per cent of 

total nitrogen. 


! 

■ Fraction 

The sprat 

The roach 

The cod 

! 

t 

i Hnmin-N 

1.6 

1.1 

1.6 

Amide-N 

11.0 

10.4 

8.0 • 

Anodic-N 

12.6 

11.4 

12.4 

Nentral-N 

45.5 

48.0 

45.0 

Cathodic-N 

25.0 

22.4 

27.8 


The results are in good agreement with those obtained by 
Rosedalb (1929) with some other fishes. Table 2 shows the re- 
sults of the amino acid determinations as well as some previously 
published analysis of some other fishes which are of interest in 
this connection. 

Table 2 demonstrates the advance in quantitative amino acid 
determinations made during the last years. If the values of alanine 
not deterniincd in the present investigation are considered to 
amount to about 5 per cent, (Abderhalden, 1936), 95 per cent 
yields of amino acids can now be obtained. This means a long 
stage further in the attempt to elucidate the protein structure. 
There is but an insignificant difference between the data obtained 
in the present investigation and the values of a recent investiga- 
tion of the amino acid composition of the whole fish protein 
(Agren, 1943). The same species of fish as in the present investi- 
gation were investigated. 

Certain conclusions may be drawn concerning the nutritional 
quality of the muscle proteins occuring in the fish. AU the amino 
acids which Rose (1939) considered to be indispensable owing 
to their property of stimulating growth are present. It must be 
emphasized that most of the data available as to the question 
what amino acids are indispensable were determined on relatively 
few species and chiefly on the rat as experimental animal. The 
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Table 2. 


The amino acid composilion of fish muscle. 

The valnea are expressed as percentage of the moisture and ash free protein. 


Amino acid 

The sprat 
Present 
author 

The 

roach 

Present 

author 

The cod 

The 

halibut 

Osborne 

Oknda 
et. nl. 


Present 

author 

Arginine . . . 

7.20 

7.80 

6.68 

6.8 

9.0 

6.84 

Histidine .... 

1.70 

1.46 

2.29 

4.8 

1.6 

2.55 

Lysine 

6.0 

4.08 

8.36 

8.0 

4.8 

7.46 

Hydroxylysinc . 

1.40 

1.32 

— 

— 

1.15 

— 

Tyrosine .... 

3.60 

4.60 

2.46 

2.0 

4.76 

2.39 

Tryptophane . . 

0.85 

0.68 

+ 

2.1 

0.67 

2.89 

Proline 

5.0 

7.1 

1.68 

2.8 

5.1 

, 3.17 

Hydroxyproline . 

0 

0 

— 

0.9 

0 

— 

Threonine . . . 

0.58 

0.68 

_ 

— 

0.57 

— 

Serine 

2.45 

4.45 

0.61 

1.8 

3.60 

? 

Glycine .... 

1.81 

2.70 

trace 

present 

1.0 

? 

Alanine .... 

— 

— 

3.68 

5.7 

__ 

? 

Phenylalanine . . 

14.0 

14.8 

2.31 

1.8 

14.4 

3.04 

Cystin + cysteine 

1.6 

1.6 

— 

0.6 

1.8 

— 

Methionine . . . 

2.3 

2.2 

— 

0.3 

2.2 



Leucine .... 

15.6 

18.0 

2.46 

7.5 

16.3 

— 

Isolencine . . . 

— 

— 

— 

1.5 

— 

— 

Valine 

0.56 

0.64 

3.88 

3.7 

0.66 

0.79 

Hydroxyglutamic 







acid 

0 

0 

— 

““ 



Aspartic acid . . 

1 24.4 

20.4 1 

0.6 

0.6 

\ 22.3 1 

2.73 

Glutamic acid . 

1 


5.24 

7.6 

) 1 

10.1 

Ammonia . . . 

1.95 

1.80 

0.75 

— 

1.50 

1.83 


90.9 

93.7 

40.7 

58.5 

91.2 

50.2 


determination of the lands and amounts of pure amino acids 
needed by the human being has not yet been more thoroughly 
investigated. Most likely all higher organisms require the same 
kinds and amounts of essential amino acids, an assiunption which 
by the way has been advanced by many workers but no defimte 
evidence in support of this generalization has yet been established. 
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In this connection at comparison -with the amino acid composi- 
tion of tjte muscle protein of man maj be of certain interest. In 
Table 3 tbe analysis of human muscle protein from an amputaded 
leg are listed (Sharpenek, et al, 1934). 

Talile 8. 


T/ie amino acid composiiion of Tiumetn muscle protein. 
The values are expressed as percentage of the muscle protein. 


Glycine + alanine . . . 

... 4.92 

Phenylalanine .... 

. . . 5.26 

Valine 

. . 6.44 

Tyrosine 

. . . 4.11 

Leucine 

. . 8.88 

Tryptophane .... 

... 2.8 

Arginine 

. . 8.81 

Cystine 

. . . 2.27 

Histidine 

. . 2.89 

Proline 

. . . 4.16 

Lysine 

. . 6.57 

Ammonia 

. . . 1.24 


38.01 


59.33 


On comparing Tables 2 and 3 it will become evident that the 
fish protein contains apart from valine all the amino acids recog- 
nized to be present in human muscle protein in amounts which 
should suffice to prevent undue loss of human muscle substance, 
if fish were the sole resource of protein. The amount of valine 
present in the human muscle protein is unusually high. The rabbit 
myosin contains three per cent of valine (Sharp, 1939). Casein 
with 7.9 per cent yields of valine seems to be the only protein 
reported to contain a higher concentration (Schmidt, 1938). 
Eose (1938) reported that animals deprived of valine exhibit 
unusual symptoms including sensitiveness to touch and lack of 
musclular coordination. Possibly it was not only a coincidence 
that, according to the data, foxes fed on fish during long periods, 
also exhibited these symptoms (Evans et al. 1940). Burroughs 
and collaborators (1940) also reported that only five amino acids 
are essential to the fullgrown rat. These amino acids are threo- 
nine, isoleucine, trytophane, phenylalanine and vaUne. 

A fractionation of the muscle proteins according to the prin- 
ciples of Weber (1933) demonstrates that the fish muscle also 
consists of at least three distinct fractions corresponding to the 
globulin, myosin, the albumin, myogen and to a globulin X. 
As in the rabbit-muscle the main fraction of the muscle proteins 
of fish consists of myosin (Agben, unpublished experiments). 
The amino acid composition of this protein dominates the data 
of analysis obtained in the present investigation. Table 2 shows 
that the dicarboxylic acids together with the basic and hydroxy- 
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amino acids omng to the fact that they constitute nearly 50 per 
cent of the total protein provide a large number of polar side- 
chains. The presence of these chains together mth a large number 
of long non-polar side-chains and a small number of rigid disul- 
phide links would constitute a relatively accessible system of 
polypeptide chains with many center for the free coordination of 
water molecules. Furthermore, if one attempted to depict the 
process of muscular contraction as being due to the action of 
certain products of metabolism on specific groups in the peptide 
chains, it is clear that' an open structure, such as the one which 
can be postulated from the chemical data, will favor the rapid 
diffusion of these substances and their secondary products into 
and away from the sites of action. 


Experimental. 

Moisture. A sample was dried to constant weight in vacuum over 
PoOg at 100° C. 

Ash, The residue from the moisture determination was ashed over 
a Bunsen flame and than kept in a furnace at 600° for 2 hours. 

Total Nitrogen. By micro-Kjeldahl analysis. 

The Nitrogen Distribution and Amide Nitrogen were determined ac- 
cording to Theorell (1943) on samples of 150 mg. 

Humin Nitrogen. The hydrolysates prepared for the determination 
of the basic amino acids were filtered through a paper and the residue 
carefully washed with distilled water and analyzed by the Kjeldahl 
procedure. 

As the amount of material for amino acid analysis was of limited size 
no attempt was made to use the general solubility method devised by 
Bergmann and Stern (1939). The attention was focused only on 
colorimetric and small scale isolation methods. All the colorimetric 
determinations were carried out by means of a Zeiss Pulfrich Photo- 
meter. The instrument was used in such a manner that the dr^- 
readings obtained by comparing the coloured solutions Avith appropriate 
blanks were referred to calibration curves constructed from _ values 
obtained with standard solutions of the pure amino acid being estimated. 
Unless otherwise stated, the results obtained are the mean of two or 
more determinations and refer to the moisture and ash-free material. 

Determination of the Basic Amino Acids. 

This determination was made according to the procedure of Theo- 
RELL (1943). Samples of 100 — 150 mg, of hydrolyzed protein were 
electrodialyzed for about 12 hours. Ammonia was distilled off from 
the cathode fraction and the remaining solution was re-electrodialyzed. 
The new cathode fraction was then analyzed for histidine, accordmg 
to JoRPES (1932) and for arginine according to Thomas, Ingalls and 
Luck (1939), Lysine was obtained as the difference: total base-N 
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(arginine- histidine- -}- hydroxylysine-N). In using Jorpes method 
based on diazotation a calibration cur%’'e was constructed which showed 
that an extinction coefficient = 2.35 was adequate under the present 
conditions. In carrying out the arginine determinations it was found 
necessary to make use of the correction introduced by Kassel and 
Brand (1942). A typical example of an arginine analysis is given in 
Table 4. 


Table 4. 


The determination of arginine in the muscle protein of roach. 


t 

ml of cathode fraction 

1 to analysis 

0.16 

0.-80 

mm 


* 

j Arginine found in mg ... 

O.018 

0.0S4 

O.045 

0.066 

j Arginine in mg/ml 

0.120 

0.118 

0.112 . 

O.llO 

j Arginine in per cent .... 

7.15 

6.75 

6.G6 : 

6.65 ! 


The corrected value according to Kassel and Bhand = 7.40 %. 


Hydroxylysine. The amino acid was determined by applying the 
periodic acid method of Van Slyke (1940) to the cathode fractions 
obtained by electrodialysis as described above. This simple method 
could- be used since no other hydroxyamino acid would pass into the 
cathode compartment of the electrodbalysing apparatus. In the deter- 
minations three cathode fractions were used together, of which each 
had been obtained from 100 mg of hydrolyzed protein. The hydr- 
oxylysine values obtained agreed fairly well as will be demonstrated 
by the follovdng example: Cathode fractions obtained by electrodialysis 
and re-electrodialysis of 300 mg of hydrolyzed protein from cod muscle 
as described above were concentrated in vacuum, to a volume of 10 
ml. 5 ml were added to each of the two first tubes in the apparatus 
described by Van Sl-vke and Cullen (1916). The titration values 
obtained in three experiments are given in Table 5. 

Table 5. 


The determination of hydroxylysine in the cod. 

The ammonia set free by treating the amino acid -with HIO, is titrated 

with n/100 HCl. 


i 

Sample 

1 

1 Periodic acid 

1 tube 

j ml n/IOO HCl 

Control tube 
ml n/100 HCl 

Mg hydroxy- 
lysine 

Hydroxylysine in ^ 
percentage of ash | 
and moisture free j 
protein j 

i 1 

1 

49.16 

50.0 

n 

1..0 

i 2 

49.10 

50.0 

msm 

1.16 

i 3 

49.20 

50.0 


1.03 
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precipitated by means of ammonium rbodanilate according to the 
method of Bergmakn and Niemann (1938). Ammonium rhodanilate 
was prepared according to Bergmann (1935). The possibility of pre- 
cipitating proline on a small scale, as described by Devine (1941), 
was investigated. The following method was used: 6 g of protein were 
refloxed with 100 ml 20 % HCl for 24 hours. After removing the humin 
by centrifugation and washing, the total solution was concentrated 
in vacuum three times to remove the hydrochloric acid. The basic 
amino acids were precipitated with phosphotungstic acid according 
to the directions given by Van Slyke (1942). It was calculated that 
about 60 ml 10 % phosphotungstic acid would precipitate the basic 
amino acids in the proline hydrolysates. After having been kept in 
the refrigerator over night the phosphotungstic acid precipitation was 
removed by centrifugation, and filtrate and washings were concentrated 
to a gum and diluted to 50 ml. Var^dng amounts of ammonium rhodani- 
late solved in 4.8 ml of methyl alcohol were added to 6 aliquots (volume 
= 8 ml) of the amino acid solution. After 2 hours on ice the mixtures 
were filtered on sintered glass crucibles and the residue washed three 
times with ice-cold water and dried in a desiccator. The weights and 
nitrogen contents of the precipitates were determined. By plotting 
the amount of nitrogen present in the prolinc rhodanilate against the 
weight of the ammonium rhodanilate used in precipitation, an inflec- 
tion point on the curve could be observed. This point presumably 
indicated the most favourable conditions for the precipitation of proline 
rhodanilate. In Table 6 a typical analysis is demonstrated. 

Table C. 

The determination of prolinc in the roach. 


Gm ammoninmsnlt 
used in 
precipitation 

Nitrogen content 
of prolinc precipitate 
in per cent 

■Weight of prolinc 
salt in gm 

Nitrogen content 
in proline 
salt in mg 

0.1 

16.0 

0.04S 

7.16 

0.2 

16.0 

0.132 

22.2 

0.8 

16.4 

0.194 

32.2 

0.4 

16.5 

0.250 

42.5 

0.5 

17.3 

0.333 

58.0 

O.G 

17.4 

0.442 

77.0 


The series of values gives an inflection point corres 2 )onding to O.is 
g of ammonium salt, which would precipitate 290 mg of proline salt. 
Correcting for the amount of soluble proline salt, this yields O.oo g of 
proline per O.si g of protein = 7.i % of proline. 

Hydroxyproline. No small scale gravimetric method has yet been 
developed for the determination of hydroxyproline. The colorimetric 
method of Waldschmidt-Leitz and Akabori (1934) is reported to 
give low values. The principle of oxidizing the hydroxyproline and 
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given by Block (1938). The values were corrected for unprecipitated 
glycine according to Bergmann (1938). 

Phenylalanine. In the first series of determinations the Kapeller- 
Adleb colorimetric method as modified by Block (1938) was used. 
It was found necessary to dilute the amino acid hydrolysate to 30 ml. 
3 ml were used for each determination. Block when modifying the me- 
thod considered the removal of basic amino acids negligible if the 
colour was measured with the aid of a special filter. The high values 
obtained with this modified method necessitated control series which 
were carried out by the original method on hydrolysates precipitated 
with phosphotungstic acid. The procedure outlined by Devine (1941) 
was followed. Typical values obtained with the two methods are listed 
in Table 7. 

Table 7. 

The dderminaiion of phclylalantne in finh protein. 


Ynlncs in percentage of nsb and nioistnre free protein. 


1 

I 

Block’s 

t 

Devine’s ! 


method 

method i 

i 

<;jod . . 

18.0 

14.4 j 

Roach 

17.0 

14.8 1 

Sprat 

18.6 

14.0 1 


The values obtained with Devine’s method were chosen, as they 
express more specifically the true phenylalanine contents. 

Cystine and- Methionine. By the method of Baernstein (1936) 
methionine can be most accurately determined on a small scale, but 
it requires a specially designed apparatus. The method is also reported 
to give unsatisfactory yields ■when applied to certain proteins. The 
gravimetric method of Beach and Teague (1942) was therefore used. 
This method enables the determination of both cystine -f- cysteine, 
and methionine. Cystine is reduced to cysteine. Methionine is de- 
methylated and the homocystcine-thiolactone which is formed, does 
not directely form a mercaptide with CuoO as cysteine will do. If the 
solution of homocysteine and cysteine is treated with alkali, both 
compounds are precipitated as mercaptides. The difference between 
the two sets of values corresponds to methionine. The method was 
first tested with mixtures of pure cysteine and methionine. The cysteine 
values obtained were somewhat to low, as is demonstrated in Table 8. 

The low values are due to the tendency of cysteine to be partly 
oxifeed to cystine during the removal of the last amounts of hydro- 
iodic acid which is used in hydrolyzing the protein. The error could be 
eliminated by using nitrogen atmosphere during the vacuum distilla- 
tion of the hydroiodic acid. A few other modifications of the method 
were utilized. The methionine values were substantially improved by 
treating the cysteine-homocysteine solutions with CuoO during 45 
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seconds. The inercaptidcs were solved with the aid of 2 — 3 ml of con- 
centrated HNOj and 1 ml of Dknis’ copper reagent. The solution was 
evaporated on wathcr-hath before ashing. The methionine valnes 
were corrected by the empirical factor of ]BE.A.cn and Teague. 

Table S, 


Deierminniion of cysteinc-mdhionine tnixiures. 


Sample 

C.-iknlatcd 
in mg 

Fonnd | 
in mg 1 

Cysteine 

T., 

7.0 

Cysteine 

7.8 

7.1 

Jlethioninc 

4.0 

3.9 

Methionine 

.3.0 

4.0 


Leucine. The method of Barn'Ktt (1933) wo.s followed. In the de- 
termination 100 g of protein were refluxed with 2S0 ml of concentrated 
hydrochloric acid for 18 hours. As tyrosine did not show any tendency 
to cryst-allir.e out separatedly, it was necessary to purify the crude 
products according to Cox% Kixo and Bekg (1929). 

VaJinc. This amino acid was determined according to the colori- 
metric method outlined by Wretlikd (1912). The first step in the reac- 
tion is an oxidation of valine to the corresponding aldehyde, isobutync 
aldehyde, which subsequently after stcamdistillation in a specially 
designed apparatus is allowed to react with salicylic aldehyde. The 
reaction product is red coloured and can be photometrically determined. 
"Wretlixi) gives the following empirical relation: 

valine = ~ X lOS X 

3 oO 

were a = ml solution obtained by steam-distillation and E = extinction 
coefficient obtained with the Zeiss-Photometer using filter S 50 and 
1 cm cups. In a series of determination with 60 — 500 y of valine it 
was found that the obtained values better satisfied the folloiving relation: 

valine = — X 210 X 

3 oO 

This formula was used in the present investigation. Since "Wretund 
stated that contamination of leucine in the determination would in- 
crease the colour, all valine determinations were carried out on solu- 
tions freed from leucine by the Barnett’s procedure (1933). Since 
the valine values obtained on the leucine-frce hydrolysates were very 
low, it was suspected that valine might have precipitated together 
with leucine. The leucine fractions were investigated, and it was found 
that less than O.os % of valine had been lost in the leucine precipitates. 
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Snmmary. 

The amino acid composition of the muscle protein from some 
Swedish fishes, commonly used for food consumption has been 
investigated. The amino acids determined correspond to more 
than 90 per cent b}” weight of the protein. By incorporation of 
the alanine values obtained by other authors, more than 95 per 
cent of the amino acid content has been recognized. The nutri- 
tional quality of the fish protein must be classified as rather 
high since all the indespensable amino acids • — possibly with the 
exception of valine — are present in amounts which corresponds 
to those reported to be present in rabbit- and human muscle 
protein. 

The writer is indebted to the Swedish Fur Breeders Corporation 
for their grants which supported the present investigation. He 
further acknowledges his thanks to Messrs Eklund and Berglund 
and to Mrs Agren for their valuable assistance throughout the 
investigation. 
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The Selection of Food. 

I. General Con.‘?i(lerafions and Mctliodicnl Notes. 

Dy 

ERUv M, P. WIDM.\RK. 


It is distinctive for living substancc.s tlint they maintain tlieit 
internal milieu constant independently of changes in the external 
composition. Tliis is effected by different kinds of regulating 
mechanisms which come into action as soon as the external milieu, 
tbreatens the integrity of the internal milieu. As examples may be 
remembered those functions among the vertebrata for the mainte- 
nance of a constant osmotic pressure in the tissues. The concentra- 
tion of hydrogen ions, the electrolytic composition, the glucose 
content etc. vary in the healthy human being within narrow limits, 
and if the spheres of physiological variations are e.xceeded, a 
pathological condition follows ns soon ns the regulatory mecha- 
nisms are unable to function satisfactorily. 

Undoubtedly the absorbing of food by the organism places it in 
a more intimate contact with the external milieu than any other 
process. The organism constantly renews its material by the 
absorption of food. There is a continuous proce.ss of metabolism. 
The food constituents are taken in and absorbed to the extent 
to which they become micromoleculnr soluble in water through 
the digestion process. Partly tliey become “living” in so far as 
they become constituents of the cells. But sooner or later they 
arc used up by the living substances and leave the organism, 
mainly in a micromolecular form. The exits are chiefly the lungs 
and the kidneys. Yet in spite of this continuous inflow and out- 
flow of substances the organism retains its integrity and con- 
stant composition. 
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The supply of food can vary %ntliin wide limits. The organism 
is offered qualitatively and quantitatively various food consti- 
tuents. In spite of this variation the internal milieu remains con- 
stant. 

Here it must be noted that the absorption mechanism to a great 
extent acts n-ithout .selecting a.s rcgnrd.s tlie substances taken per 
os and which either primarily or through the effect of the digestion 
enzymes and the gall constituents have become micromolecular 
.soluble in water. In this re.spcct the absorption works blindly; 
substances, both those useful and those poisonous for the body, 
which enter the intestinal canal are assimilated Ijy the organism. 
Nor docs there seem to be any quantitative selection; everything 
that pa.sses through the intestinal canal is absorbed even if the 
consumed quantity of certain foods sliould exceed the temporary 
requirements of the organism. 

Certain reservations as to the general validity of this rule 
may perliaps be made. Tims Nicol.vysek noticed that calcium 
under certain test conditions is absorbed more completely by an 
animal (rabbit) suffering from calcium deficiency than by an ani- 
mal which is completely satisfied in regard to this substance. Some 
observations also have seemed to prove that the absorption of iron 
often is more complete by an anmmic animal than by a healthy 
one (WnrrrLE etc.). These isolated observations ought, however, 
to be thoroughly tested before the assumption can be justified 
that the absorption mechanism itself works selectively in the 
sense that the intensity of the absorption adapts itself to the 
organism’s need of the foodstuff. 

On the other hand it can be definitely stated that the organism 
has a distinct ability to regulate any excess of food constituents 
received by absorption. 

In this connection it is only necessary to remember the deposi- 
tion of an excess of energy substances in the form of stores of 
foodstuffs, chiefly fat and glycogen. The secretory activity of 
the kidneys (and perhaps also of the intestinal canal) removes 
the e.xcess of water, minerals, and other substances not needed 
by the body. 

Even if we give full consideration to this ability of the body 
to organise the use of the excess of food constituents wliich through 
the absorption are incorporated in the organism’s tissues, yet the 
selection of food is always the first and chief regulating factor; 
a regulating mechanism wliich is primary in cooperation with the 
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functions just mentioned, ^vllich above all arc directed to the 
management of any food excess Avhicli has been taken. The selection 
of food rogulate.s the supply of the constituents of the foodstuffs 
not only quantitatively but also qualitatively. 

In this respect an investigation by Hichter and Hawkes 
(19-11) is of extraordinary interest. They allon-ed 45 days old rats 
to choose between 10 different pots of food, containing saccha- 
rose, olive oil, ca.‘;ein, cod liver oil, yeast and 5 different mineral 
salts, each in a separate jiot. Tlie animals selected from the diffe- 
rent pots such quantities that they obtained a food composition 
on which they showed normal growth. The experiment thus proved 
in a .simple way that an instinctive food selection takes place both 
qualitatively and quantitatively. 

IMany ob.servations have been made wliich show that the orga- 
mVrn is able to .select certain nourishing substances to satisfy its 
needs. Even the single cell organism .shows this ability. The classi- 
cal tests were made with fern .spermatozoids, after that also with 
bacteria. The phenomenon is, as is known, called chemo-taxis 
and i.s registered through the action of the movable micro-orga- 
nisms in finding their wa}' to the cairillaries in the microscopic 
field which contain the substance they seelc. The liigher animal’s 
effort to choose certain foodstuffs has sometimes been called 
"special hunger”. Thus Hellwald (1933) has measured "calcium 
hunger” in egg-laying hens. Harris and his co-workers (1933) 
have found that rats deprived of B-vitamin are, after some time, 
able to select the food which contains these vitamins. In a later 
communication I shall return to a discus.sion of these results. 
Finally it may be mentioned that Green (1925) published a 
re])ort on "perverted appetites”, chiefly in domestic animals. Cer- 
tain diseases in them, e.g. bovine ostcofagia, it seems i^ossible to 
explain by a deficiency of some special food by means of wliich 
the animals try to satisfy their need by eating substances which 
they do not otherwise. Thus the disease just mentioned drives 
the cattle to consume bones because of their lack of phosphates. 

However, most of the reports in the literature of food selection 
by different animals are rather primitive, and in general experi- 
ments arc lacking which allow definite conclusions to be drawn, 
and above all it is the quantitative estimation of the choice of 
foods which is generally defective. A satisfactory ivorking of tliis 
great sphere of research is badly wanted, llliat has been done 
hitherto are only exiieriments with a few food constituents. It 
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should, however, he noted that tlierc is already a fairly compre- 
hensive literature on the subject of feeding-up domestic animals 
by means of "free choice”. 

In this connection it seems to me important to define at the 
beginning, ns exactly as possible, the terminology which will be 
used. 

The observations already made .seem to show that what has 
liithcrto in scientific lerminolog}* been called “hunger” is only 
a collective concept, covering a series of different desires for food- 
stuffs. Such a desire, seems to be preceded by and arise from need 
for foodstuffs. "We need calories, water, 10 different amino acids, 
mineral substances and vitamins. It seems to me appropriate to 
reserve the word “hunger” — if it i.s in any case to be used as a 
scientific term — to the desire for calories. The need for water pro- 
duces thirst. In the same way I think I can prove that the neei 
for perhaps most other foodstuffs arouses a desire corresponding 
to each (the older idea “special hunger”). 

Later when sufficient facts have been presented we shall dis- 
cuss the question of how these different desires for foodstuffs 
make tlicinsclvos known and drive the organisms to a definite 
food selection. 

Method. 

Our mctliod is in principle the same as that used by the majority 
of re.scarcher.s in this subject ever since experiments were made in 
the chemo-taxis of micro-organisms. 

It is most nearly allied to the technique of Harris and his co-workers 
(193.3). 

Up to the present the c.xperiraents have only been made on mice, 
rats, and guinea-pigs of varying ages in the different experiments. 
It ought, however, to be possible to use this method without incon- 
venience in experiments with many of our domestic animals. Several 
hundred animals have been used and emphasis has been laid upon 
basing each result on the average values obtained from as many ani- 
mals as possible. In the experiments with mice 20 animals have gene- 
rally been used, in those with rats and guinea-pigs about 10. 

The animals are kept in individual cages. The basal diet used has 
varied in different experiments and will later be described in each 
separate case. Every day the animals were given 2 round, low, porcelain 
pots (about 10 cm in diameter and 2 cm in height), containing^precisely 
the same food with the sole difference that in the one pot (“-}-pot ) 
a known concentrate of that substance was mixed whose effect was to 
be examined. The relative position of the pots was changed every day 
in order that no faulty result should be obtained by the animal forming 
the habit of seeking its food each da)'’ from the same position in the cage. 
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In contrast to tliat used by Hakris and bis co-workers the food 
was mbced with water, in most cases 70 ml water to 100 g dry food. 
Rclatis’cly few cases had to be rejected because of tbe spilling of food 
outside the pots. In that with rats this happened rather seldom. Mice 
scatter a good deal the first days after they liave been taken from a 
mixed diet and placed on the basal diet, ilftcr some days on the basal 
diet, however, tlicy generally cease to do this. Guinea-pigs like to upset 
the pots, so theirs must be fixed to the bottom of the cage. 

Each pot is numbered on the bottom and has a correspondingly 
numbered counterweight. Each day the same amount of food is weighed 
into both pots and after 21 hours the remaining uneaten food is weighed. 
The food is carefully given in such quantities that the contents of the 
pots are. never quite consumed. If that were so it is clear that the food 
.selection is restricted and that the experiment must be rejected. As the 
food contains water a correction must be made for the amount of evapor- 
ation during the 21 hours. This evaporation can be estimated by deter- 
mining the loss of weight in the 2 — 1 pots which, containing the same 
amount of food ns in the test, are placed beside the cages. This correc- 
tion is certainly not ideal because the evaporation varies with the quan- 
tity of food in the pots during the consumption period. But in the 
method of calculating the consumption used here and now to be de- 
scribed the evaporation is important as regards the reliability of the 
experiments only in. those cases where the contents of one pot have 
been mainly refused. 


The choice between the two pots is defined by tlie following 
quotient; 




consumption from -j- pot 
total consumption from both pots 


The quotient is a measure of the intensity of choice between the con- 
tents of the two pots and thus shows clearly the positive or negative 
chemo-taxis due to the contents of the -f- pot. 

The quotient can bo suitably expressed in percentage (i.e. 100 q). 
It can vary bet^veen tbe extremes 100 and 0. The figures 100 — 50 indi- 
cate positive chemo-taxis, the figures 50 — 0 negative chemo-taxis. 
100 indicates that the animal has exclusively eaten from the pot with 
the added substance, 0 that the added substance Las driven the animal 
wholly to refuse this food. The quotient 50 indicates no selection. 
This f jgnrc was also obtained regularly if both pots had exactly the 
same contents and the experiment series comprised a sufficient number 
of animals. The variations around 50 have proved to be in a definite 
relation to the concentration of the added substance in the food. In 
tliis way the quotient is a peculiarly suitable and extremely sensitive 
numerical expression for the animal’s selection of food. 

Yet in judging these quotients several factors must be taken into 
account which have not liad sufficient consideration in earlier experi- 
ments. 
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Clearly the taxis cau he tested either by adding chemically pure 
substances to the contents of the +pot or by the addition of mixed 
foods. 

When chemically pure preparations arc added the judging is usually 
relatively simple, presuming that the substances arc really so pure that 
traces of, for example, the organic .solvents used in preparing the sub- 
stance or other imjmritics do not give the food a specific smell or taste. 
As, however, many foodstuffs, e.g. synthetic vitamins, only require 
to bo tested in concentrates forming only fractions per 1,000, it is 
considered that impurities amounting to some tenths of one % can 
scarcely have any great effect as they will occur in the food in such 
infinitesimal concentrations. 

Quotient 
100 


50 


0 


Thu.s, presuming that the added chemical substances are sufficiently 
pure, the quotient gives a direct and reliable figure of the positive or 
negative chemo-taxis due to the substance in question. Such quotients 
can be reproduced to an unlimited extent in repeated experiments 
assuming that the animal’s condition, age, sex and food concentrates 
are similar. 

In proportion to the concentrations a series of different types may 
arise. These can be illustrated graphically as in fig. 1, where the ordi- 
nate represents the quotient values and the abscisse the concentrations 
of the tested substance; 

A, after the passage of the minimum perceptibile there arises at a 
higher concentration a positive chemo-taxis which asymtotically 
approaches 100 in all the tested concentrations. (K the concentrations 
are sufficiently high it is clear that the curve will be of the type B.): 

B, after the passage of a minimum perceptibile a positive chemo- 
taxis arises at certain concentrations which is transformed into a 
negative chemo-taxis if the concentration becomes higher; 

C, the substance produces only a negative chemo-taxis, possibl)^ 
after passing through an area below the minimum perceptibile. 



Concentration 
Fig. 1. 
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It is specially important to emplinsise that a positive chemo- 
taxis for a foodstuff often only appears when there is a deficiency 
of it in the organism. Fully-nourished, and in certain respects 
undernourished, animals show different taxes (Cf. rvhat was said 
above of the relation between need and desire.). These are only 
some examples of the types wliich may represent the results of 
testing pure substances in different concentrations. 

In testing mixtures, e.g. vitamin preparations, their concen- 
trates, food substances, spices, flavourings, etc., more complicated 
conditions arise which demand special consideration. 

It must bo assumed that these mixtures may contain some sub- 
stances which exert a positive chomo-taxis, and some which exert 
a negative chomo-taxis. 

Thus, a quotient under DO can be observed if the mixture con- 
tains one or more unattractive substances together with the one 
which is the object of the investigation; the animal refrains from 
eating the food although it contains a substance of which it is in 
need, and which under other conditions, e.g, mixed in a chemi- 
cally pure form, would give a quotient over 50. Most careful regard 
must be paid to these different eventualities in judging the results 
of the experiments. 


Summary. 

1) Food selection both qualitatively and quantitatively is the 
chief regulatory action in preserving the integrity of the organism 
in relation to the external milieu. 

2) The need for food has been called starvation, hunger, thirst, 
special hunger etc. The same concept has been used to indicate 
desire for food. The author Avishes to introduce a more closely 
defined terminology by sharpening the difference between the 
need of foodstuffs and the desire for foodstuffs. The former im- 
plying that certain forms of luxury consumption are here ignored, 
— the necessary presumption for the rise of the latter. 

3) Experiments have already been made which indicate that 
in the animal organism certain desires for food of different lands 
arise, corresponding to the need for the different foods. Thus, 
“hunger” is a collectiA'e concept Avliich can be resolved into a 
Avhole series of needs for food Avith corresponding desires for food, 
leading to different food selection for the satisfying of the different 
needs. Thus “thirst” is desire for HnO. The author proposes that in 


154 


EUIK M. P. WIDMARK. 


the scientific literature of this subject the word “hunger” should 
be reserved for the desire for calories, which arises when a supply 
of energy is needed. 

4) The discussion of the mechanism of the desire for food, 
general feelings, sensations of taste, instinctive impulses is post- 
poned until the author iirescnts his observations in later com- 
munications. 

5) The method used by the author for the measuring of food 
selection by animals — rats, mice and guinea-pigs — is described 
in detail. The interpretation of the quantitative facts obtained 
by this method is discussed. 
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Introduction. 

The study of the effect of cyanide on cell respiration has been 
of the greatest importance in the development of the enzymic 
chemistry of biological processes. This is brought out particu- 
larly clearly by the investigations of 0. Wabburg and his co- 
Tvorkers. The importance of cyanide in this connection is due to 
its property of forming complexes with hea\y metals, and thus 
of inhibiting enzyme systems which are connected in some way 
or other with heavy metal catalysis. 

However, a survey of the literature shows that the problems 
connected Avith cyanide inhibition of respiratory processes are 
probably far more complex than was at one time thought. We 
cannot here give an exhaustive discussion of all the relevant 
investigations, but must restrict ourselves to a brief recapitula- 
tion of some of the more striking results. (A complete biblio- 
graphy can be found in, for instance, Oppenheimee (1939)). 

It is of interest first to observe that Kisch (1933) has found a 
rather strong increase in the respiration of certain animal tis- 
sues by the addition of cyanide in very small concentrations 
(less than m/20,000). His work was done on rat kidney slices. 
So far no complete and coherent explanation of these results seems 
to have been put forward. The effect found by EIisch seems to 
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liave found a certain analogy in a discovery made by Cozic 
(1934/36) in bcr work on bacteria of the Acetobacter group. She 
found, on investigating the respiration of these organisms in 
the ordinary way in a Warburg apparatus, that while the re- 
spiration of all the other Acetobacter species was inliibited by 
cyanide, as one is accustomed to find in animal tissues, one par- 
ticular species, namely Acetobacter xyhnum, showed a great 
increase in respiration (up to 5 to 10 fold) at cyanide concentra- 
tions up to m/10 KCN. No definite explanation could be given 
for this quite unprecedented behaviour, but Cozic tentatively 
advanced the hjqiothesis that the effect is- due to some reaction 
of the cyanide with the cellulose membrane of the bacteria in 
question. This idea seems to be of a very hypothetical nature, 
and it can probably safely be said that it is neither supported 
nor disproved by our present very incomplete knowledge of the 
cell wall in bacteria. 

In this connection we may also mention some similar effects 
observed with hydrogen sulphide and carbon monoxide. The 
action of these two compounds on cell respiration is in general 
quite similar to that of cyanide, the underlying mechanism being 
analogous in the two cases. However, Negeleix (1925) in his 
work on Chlorella found that the respiration of this organism 
may be increased up to 80 per cent under the action of hydrogen 
sulphide. Carbon monoxide can also, under certain conditions 
bring about a very marked increase of cell respiration. Thus we 
may mention the experiments of Fexx (1932), who worked with 
certain muscle preparations, and of Bodixe c. s. (1934, 1936, 
1937), who studied the embryonic development of Melanoplus. 
Other work on this problem is due to Schjiitt and Scott (1934), 
and Orstrom (1935). These experiments on carbon monoxide 
may, after all, not be so difficult to understand, since, according 
to the work of Negeleix (1931), carbon monoxide may be oxi- 
dised catalytically in the presence of homines. 

The purpose of the present note is to report upon some expe- 
riments, which, in a certain analogy ^vith some of the work dis- 
cussed above, seem to reveal some interesting activating effects 
of cyanide on the respiration of yeast. It seems to us that the 
explanation of these effects are at present rather obscure, but 
in spite of this we have thought that the experiments may be 
of sufficient intere:^t to justify their being put on record. 
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Fig. 1. 

O O Oxygen uptake of yeast suspended in 3 ml. phospkato buffer of 

pH 7.28. 

• • Oxygon tfptako of yeast suspended in 2 ml. phosphate buffer of 

pH 7.28, Tvith the addition of 1 ml. of m/lOKCN of the same pH. 


Experimental Part. 

The respiration of yeast was studied in the ordinary way by 
measuring its oxygen uptake in a Warburg apparatus. Ordinary 
baker’s yeast was used throughout, suspended in phosphate buf- 
fer of pH around 7.3; the cyanide solution was neutralized and 
brought to the same pH as the buffer. For absorption of CO 2 
the central chamber of the vessel contained 0.2 ml. of a strong 
solution of potassium hydroxide. The total amount of buffer 
solution used was usually around 3 ml. The volume of the War- 
burg vessels was around 17 ml. The temperature in the water 
bath was 38° in all experiments. 

Some of the results are shown in the diagrams in figs. 1 — 2. 
These curves show the oxygen uptake as a function of time for 
yeast with and without addition of cyanide. They show uniformly 
that when cyanide is added we have to begin with a strong in- 
hibition of the oxygen uptake. After some time, however, the 
oxygen consumption suddenly increases strongly, and rises con- 
siderably above the value obtained for yeast without any cyanide. 
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• • Oxygen uptake of yeast suspension in 2 ml. phosphate buffer of 

pH 7.28, with the addition of 1 ml. m/100 KCN ofthosamepH. 

0 9 Oxygon uptake of yeast suspended in 2 ml. phosphate buffer of 

pH 7.28, with the addition of 1 ml. m/10 KCN" of the same pH. 


As is sliown by the diagrams, tbe rise in oxygen consumption 
occurs later with increasing cyanide concentration, but tbe rise 
becomes steeper. This behaviour was found to be a common 
feature of all our experiments. 

Fig. 3 shows the results obtained when glucose was added to 
the yeast suspension. In this case no sudden rise in the oxygen 
uptake was observed; as the diagrams show we found just uni- 
form inhibition by cyanide. 

Attempts at finding similar effects for other cells, such as 
bottom yeast, and rat liver and brain tissue, failed. 
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Discussion. 

As already mentioned we do not see any immediate and ob- 
vious explanation for tbe results described above, altbougb a 
simple interpretation possibly exists. It seems reasonable to as- 
sume that sucb an explanation is to be found in tbe interference 
of tbe cyanide with tbe various enzymic systems that contribute 
to or participate in tbe cell respiration. However, tbe conditions 
are so complex that it is far from easy to analyze tbe various 
factors separately. We shall bere restrict ourselves to a brief 
indication of some features of tbe experimental results reported 
above, wbicb may bave a particular bearing on tbeir ultimate 
explanation. In tbis connection we mention first tbe fact that a 
certain time must always elapse before tbe onset of tbe increase 
in oxygen uptake. It seems therefore that tbe effects described 
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Tig. 4. 

O O Oxygen uptake of yeast suspended in 3 ml. phosphate buffer of 

pH 7.28. 

^ 0 O.xygon uptake of yeast suspended in 2 ml. phosphate buffer; 

1 i^. m/10 KON added at the point indicated by the arrow. 

IP ^ The same Tvith 1 ml. m/10 KCN added at the beginning. 


only occur after an initial depletion of some material originally 
present in the yeast. It may be important in this connection 
that, as shown above, the presence of glucose in the medium 
prevents the occurrence of the effect. Finally we may also men- 
tion that in an experiment, the results of which are shewn in 
fig. 4, and in which cyanide was added after the lapse of a cer- 
tain time, no effects were observed; thus it seems that the cya- 
nide has to be there from the beginning. 

On the basis of the well-laiown fact that the ON-group reacts 
with aldehydes and ketones to form cyanhydrins, it might be 
thought that the effect depends in some way or other on a reac- 
tion of the cyanide with intermediary metabohe products, or 
perhaps enzymes of intermediary metabohsm, containing car- 
bonyl groups. This assumption, however,, does not appear very 
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probable, since semicatbazid -sras found to have no effect on the 
respiration. 

One might therefore rather think that the effect is connected 
with the other characteristic property of the CN-group, i. e., 
that of forming complexes with heavy metals. Observations have 
been recorded in the literature showing that the inhibition of 
catalase may under certain conditions lead to an increased oxy- 
gen uptake, but whether this is sufficient to explain all the effects 
reported above are not quite clear to us yet and a final decision 
is therefore postponed for the moment. 

In closing we may perhaps mention that from a purely logi- 
cal point of view one might at first make the — admitte^y ex- 
tremely improbable — hypothesis, that the cyanide was oxidi- 
zed in some way or other through the mediation of the yeast 
cells, and that this might accotmt for the extra oxygen consump- 
tion. Such an assumption, however, is directly contrary to all 
other experience in this field, and was, moreover, easily refuted 
by some simple colorimetric determinations of the concentrations 
of cyanide in solutions with or without yeast cells, 

Stumnary. 

After an introductory review of the activating effects of cya- 
nide on cell respiration described in the literature, the authors 
report a similar effect with yeast cells, which under certain con- 
ditions show a strong increase in oxygen uptake under the action 
of cyanide. The possible interpretations of the phenomenon are 
briefly discussed. 
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In enzyme and protein chemistry buffers are employed ex- 
tensively in studies on the influence of changes in the hydrogen 
ion concentration. A ehange in the hydrogen ion concentration 
of a buffer naturally implies a change in the concentrations of the 
other components of the buffer. These changes differ in character 
with a given change in hydrogen ion concentration according 
to the buffer composition used, and will influence the results 
obtained with the buffer. 

Astrup (1912) has investigated the action of thrombin on 
fibrinogen and found the A'elocity of this process to depend both 
on the hydrogen ion concentration and on the composition (ionic 
strength) of the buffer. In biochemical investigations, therefore, 
it is necessary also to take into account the composition of the 
buffer employed. 

Previously a number of different formulae have been described 
for the composition of buffers. The acetate buffer of Soreksek 
(1909) has a constant total molaritj’- of acetic acid and sodium 
acetate. ]\Iichaelis (1913, 1931) describes buffers of constant 
ionic strength. This principle has found employment in the pro- 
tein chemistry; (see, for instance, Tiselius (1937) and to a limited 
extent in the chemistry of enzymes (Astrup, 1942). In physical 
chemistry dilute buffers are used in relatively concentrated salt 
solutions (Brdnsted, 1921). 
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The following studies will show how the buffers have to be 
composed when it is desirable, as far as possible, to eliminate the 
effect of changes in all concentrations other than that of the 
hydrogen ion concentration. 


Principle of the Method employed. 


In order to investigate the influence of changes in the con- 
centration of compounds other than hydrogen ions it is prefer- 
able to use a system with properties independent of the hydrogen 
ion concentration, but highly dependent on the other qualities 
of the buffer that may eventually influence the physico-chemical 
properties of enzymes and proteins. These conditions are met by 
the ferro-ferricyanide electrode, which consists of a platinum 
wire in a solution containing potassium ferrocyanide and po- 
tassium ferricyanide. In this, the following equilibrium is estab- 
lished; 

PeCCN)* PefCNl^ + e “ 


The potential of the electrode will be: 

F [Fe(CN)e ] f 




where f is the activity coefficient. 

This potential is largely dependent on the salt composition 
of the medium, as the two activity coefficients are highly depen- 
dent on the salt content and to a different degree. On the other 
hand the potential is independent of the hydrogen ion concentra- 
tion or, rather, its dependency on the hydrogen ion concentra- 
tion does not differ essentially from its dependency on the con- 
centration of other ions in not too acid solutions. 

So, when buffers of different hydrogen ion concentration are 
added to the solution, a constant potential will be obtained if 
the salt effect of the buffer does not also vary with its hydrogen 
ion concentration. If it does, the change in salt effect vdll alter 
the potential, unless the effects on the two activity coefficients 
would counterbalance each other — a rather improbable possi- 
bility. 

Presumably the amount of uncharged components in the buf- 
fer is of smaller significance of the state of the protein dissolved 
in it in comparison with the amount of salt. Nor have uncharged 
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substances any particular influence on the potential of the ferro- 
ferricyanidc electrode. 

In these considerations no account is taken of the liquid junc- 
tion potential at the connection Avith the calomel electrode. 
Whether the measured changes be due to variations in this po- 
tential or in the electrode potential is not of decisive importance 
to the conclusion. For the ideal buffer must also meet this re- 
quirement: that it causes no change in the liquid junction po- 
tential simultaneously ■with a change in hydrogen ion concentra- 
tion. As the liquid junction potential and the electrode poten- 
tial cannot be measured separately, there is no reason to distin- 
guish between these effects. 

The method is not useful with pn lower than 4 — 5, as the 
complex ions employed are stable only at low hydrogen ion con- 
centrations. Furthermore, of course, the ions must not react 
chemically with the components of the buffers examined. 


ExperimeiitRl. 

The concentration of both potassium ferrocyanide and potas- 
sium ferricyanide employed was 0.001 m, which proved to give 
potentials reproducible with an accuracy exceeding 0.1 mV. The 
determinations were carried out in a water-thermostat at 22°, 
as the potentials proved to be highly dependent on the tempera- 
ture. As a standard electrode a saturated calomel electrode was 
employed. The small variations in the potential of this electrode 
were eliminated by occasional reedings of the potential of the 
cell: 

Pt 0.001 m K 3 Fe(CN)o saturated ECl Hg 
0.001 m KiFe(CN)o » Hg.CL 

and subtracting this from tbe potential of the cell 

j 0,001 m KaFcfONlo saturated KCl 

Pt j 0.001 m K^FeCCNjo » Hg»CL Hg 

j Buffer 


Tliis gives the potential of tiie cell 


Pt 

0.001 m K 3 Fe(CN)c 

saturated 

0.001 m K 3 Fe(GN)o 


0.001 m K^FeCCNlo 
Buffer 

KOI 

0.001 m IIiFe(GN)c 
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This .potential is a direct measure for the salt effect of the buffer 
on the system here employed. 

Addition of 2 % saccharose (0.1 m) changes the potential 
merely 1 mV. On addition of 0.1 m salt (e. g., Nad) the change 
in potential is considerably larger (33 mV). 

Nor the sake of illustration, the results obtained for sodium 
phosphate buffer are given in Table 1. 


Table 1. 


[Nall.POj 

calculated 

p- -p CNaH,P0,] 

% ®[Na,HPOJ 

m const. = 0.1 
= [NaHjPO,] 
-J- [Na.HPO,] 

ft const. 

= 0.1 

Undiluted 
« =[NaHjPOd 
3 [NajHPOj 

Diluted 

1 : 10 with 
0.1 m NaCl 

[Na,HPOJ 



mV 

mV 

mV 

9:1 

5.75 

32.4 

29.3 

32.9 

8:2 

6.10 

33.4 

28.5 

32.8 

7:3 

6.33 

34.9 

27.7 

32.7 

6:4 

6.52 

35.8 

27.8 

.92.7 

5:5 

6.70 

36.8 

27.0 

32.7 

4 : 6 

6.88 

37.8 

26.5 

32.7 

3:7 

7.07 

.98.7 

26.3 

32.5 

2:. 8 

7.30 

39.9 

26.1 

32.5 

1: 9 

7.fi5 

40.4 

26.3 i 

32.5 


The results obtained are presented graphically in Nig. 1. The 
full-line curve (NaCl 0. 1 m) gives the potential after the addition 
of 0.1 m NaCl. This potential is not altered by addition of small 
amounts of a strong acid or base. The points O indicate the re- 
sults obtained for some of the classical buffers of varying ionic 
strength, while the points □ correspond to constant ionic strength. 
None of these buffers met the stipulated requirements. 

The values represented by the points A ‘'vere obtained by 
means of buffers (citrate and phosphate with constant ionic 
strength of 0.1, and borate after Sorensen) diluted 1 : 10 with 
0.1 m sodium chloride. They lie approximately on a straight 
line parallel to the abscissa, and not far below the potential ob- 
tained in a 0.1 m NaCl solution. Nrom Nig. 1 it vdll be noticed 
that the distances from corresponding points of the curve for 
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0.1 m sodium cliloridc to respectively the curve for NaCl-con- 
taining buffer and tlie curve for NaCl-free buffer are as 1 : 10, 
that is, as the degree of dilution with 0.1 in sodium chloride. It 
is reasonable to expect, then, that higher dilution would have 
resulted in an even better approximation to the curve for 0.1 m 
sodium chloride. 



Discussion. 

As far as this system is concerned, then, neither buffers of 
constant total molarity nor constant ionic strength are suitable 
when the question is to investigate the effect of changes in the 
hydrogen ion concentration. Only mixtures of the buffer in low 
concentration with sodium chloride in higher concentration are 
suitable. 

Something similar may be expected to apply to proteins and 
enzymes. In some cases, however, it is sufficient to keep the ionic 
strength constant, while it is immaterial which ions are present 
(Tiseltus, 1937). Still, the degree of dilution of buffers generally 
employed in enzyme and protein chemistry is far from sufficient 
always to make the ionic strengtli constitute the only decicive 
factor. Indeed, salt effects of the employed buffer have been 
observed Avhich could not be ascribed to the ionic strength. In 
studies on enzymatic cleaA’-age of glucosides, Veibel (1940) found 
the Pj£ optimum to differ in different buffers. Also the magni- 
tude of the maximal reaction velocity depends on the character 
of the buffer. These differences are found even Avhen the ionic 
strength is kept constant from one buffer to another. 
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Davis and Cohn (1939) have investigated the dependence of 
the mobility of carboxyhemoglobin on the hydrogen ion con- 
centration in citrate and phosphate buffers of different ionic 
strength, and found it to depend not only on the ionic strength 
but also, in a marked degree, on the nature of the ions. By in- 
terpolation the isoelectric point is determined at each ionic 
strength examined. As was to be expected, the curves for the 
dependency of the isoelectric point on ionic strength in phos- 
phate and buffers approach ' each otner with decreasing ionic 
strength, presumably intersecting at zero ionic stiengtn. 


Conclusion. 

"For examination of the effect of changes in the hydrogen ion 
concentration on phenomena in enzyme and protein chemistry 
it is necessary to employ a diluted buffer in a relatively con- 
centrated salt solution. The concentrated buffers generally em- 
ployed caimot be expected to give rehable results — not even 
when constant ionic strength is used. 

This work was carried out with support from “Danmarks 
tekniske Hojskoles Fond for teknisk Kemi” through means placed 
at the disposal of Tage Astruf, SI. S. 

I am greatly obliged to Dr. Guntelberg, Ph. D., for advice 
during this work. 
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It is known tliat imripc red blood cells have a larger oxygen 
consumption than the mature blood cells. Although they have no 
nucleus, the reticulocytes too possess a larger metabolism in com- 
parison with the non-reticulated erythrocytes. Owing to this fact 
blood from animals made anemic through blood lettings or through 
treatment with poisons such as phcnylhydrazinc hydrocliloride has 
been extensively used in studies on the ox}-gen metabolism of the 
red blood corpuscles. Among papers on tliis problem we shall only 
refer to those of AYarburg (1914) principally dealing with the 
influence of narcotics and other inhibiting substances and of 
AYrigiit (1931) who mainly studied the influence of various salt 
concentrations, the adding of glucose and amino-acids, and the 
influence of pH. 

AA^'niGHT finds that 100 emm reticulocytes from rabbits made 
anemic with phenylhydrazine h 3 ’'drochloride have an oxygen 
consumption of about 70 emm per hour, while 100 emm nucleated 
normal red blood cells from fowl only have an oxj’^gen comsump- 
tion of 12 emm per hour. From this he concludes that the reticulum 
rather than the nucleus appears to be closelj" associated with the 
cell oxidation either as a material consumed or as the mechanism 
by means of which the process is effected. 

The reticulocytes are cells in development. They represent a 
stage between the erythroblasts, the nucleated cells of the bone 
marrow, and the fully matured erythrocytes normally circulating 
in the blood vessels. Both in vitro and in vivo the reticulocytes 
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xipen into normal red blood cells, and as tbe normal red blood 
corpuscles in mammals have practically no uptake of oxygen, 
it seems natural to presume some connection between the ripening 
processes , and the oxygen consumption in the blood cells. 

Recently it has been shown that the ripening of the reticuloc 5 i;es 
is influenced by some factors found in liver extracts and in blood 
plasma (Rluji 1942). Reticulocytes suspended in saline ripen very 
slowly, while an addition of liver extract to the saline accelerates 
the ripening process considerably, five to ten times the ripening 
rate in the saline or even more, depending on the concentration 
of the ripening substances in the medium. As to the possible phy- 
siological significance and the chemical character of the ripening 
substances we may refer to the papers of Plum (1942 a, b, 1943), 
and of Jacobsen and Plum (1942). After the discovery that exter- 
nal factors thus influence the ripening of the blood cells, several 
problems arise. The present paper deals with the relation between 
the ripening and the oxygen metabolism of the reticulocytes. In 
some experiments we have varied the ripening intensity by the 
addition of ripening substances and studied the effect on the oxy- 
gen comsumption, and in others we have varied the oxygen con- 
sumption by the addition of various drugs known to have a speci- 
fic influence on the cell metabolism, and studied the effect on the 
rate of ripening. 

Technique. 

The blood cells used were from rabbits made anemic by constant 
blood lettings. 5 ml blood were centrifuged, the plasma sucked off, 
and the blood cells were suspended in 5 ml of the liquid to be examined 
{saline, saline with liver extract with or without other substances added). 
2 ml of the thoroughly mixed suspension were used for ripening experi- 
ments, while another 2 ml were placed in the Warburg vessels for 
determination of the oxygen uptake. Both were examined at 40°. The 
oxygen consumption was controlled during the whole time in which 
the ripening experiments were continued, mostly six hours. The ripen- 
ing experiments were carried out as described by Plum (1942 a, b) 
and Jacobsen and Pltoi (1942). Tlie rate of ripening is here expressed 
through the monomolecular constant, as in all previous papers on the 
same subject. 

Re.snlts. 

1. The Kii)ening: Kate and the Respiration. 

All the experiments made on the respiration of reticulocytes 
suspended in saline or in saline to which ripening substances had 
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been added gave the same results, l^hc ripening rate can be aug- 
mented several times without increase in the oxygen consump- 
tion. 

Table 1 shows such an experiment. 

Table 1. 

In each vessel 2 ml blood corpuscles with 205 °/oo rctiatlocytes suspended 
in saline or saline with liver extract (.Bepsol foriior). 


! 


Suspended in 

emm 

oxygen 

consumed after 

Monomolecnlar j 
constant of j 

Vi 

hour 

I o 

I hours 

I -i 

! hours 

1 

6 

hours 

ripening | 
velocitv ! 

1 

Saline 


28 

1 103 

! 150 

188 

0.01S2 (kj) i 

Saline 

with 1 % liver extract . 

; 20 

lOG 

; 153 

175 

0.0356 (kf) 

Saline 

with 2 55 liver extract . 

18 

1 93 

: 132 

155 

0.0574 (kj) ' 


Tliere is a considerable decrease in the rate of respiration 
during the experiment. A calculation shows that this cannot be 
explained through the decline in the number of reticulocytes. In 
the vessel containing saline the oxygen consumption in the first 
half hour is 28 emm with 205 ®/oo reticulocytes present, while the 
consumption in the last half hour is only 8 emm with 172 “/oo 
reticulocytes. It is impossible to say whether this decline in ox}’'gen 
consumption is due to the using up of the donator substances 
present in the blood corpuscles or to the destruction of enzymes or 
carrier systems. 


2. The EfTeet on the Kipeuiiijr Eato of Factors 
Influencing tlie llespiration. 

These experiments have at times presented some difficulties. 
The red blood corpuscles often lose their structure when the oxy- 
gen metabolism is arrested for some length of time. The reticulo- 
cytes stain badly and a considerable hemolysis occurs. Even after 
2 — 4 hours’ incubation in a nitrogen atmosphere this may happen. 
Therefore several of the experiments could not be continued for 
more than four, in some cases two hours. This of course does not 
give the same certitude in the ripening experiments as usual, 
but the influence is so marked that the results must be con- 
sidered beyond doubt. 
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a. Influence of the Oxygen Pressure. 
Table 2 shows the results of a typical experiment. 


Table 2. 


Influence of oxygen pressure on the respiration and ripening of 

reticulocytes. 


Reticnlocytcs in 

saline with 2 % 

liver extract. 

Oxygen 
in N; 

i emm 0; 

i consnmed after 
i the first hour 

Monomolccular 
constant of 
ripening rate 

20 N 

36 j 

! O.OGOG 

10 r; 

.'51 1 

! 0.051G 

n 

27 

! 0.0457 

On 

— ; 

i O.oioc 


It is evident that reduced oxj'gcn pressure reduces the ripening 
rate. The ripening is, however, not totally arrested; in several 
experiments where the blood was kept under .strictly anerobical 
conditions — evacuated and under alkaline pyrogallol — the 
ripening constant was about half that of blood Icept under atmos- 
pheric air in the time it could be followed before the hemolysis 
occurred. 

Table R. 

Influence of cihyl-urethane on respiration of ripening reticulocytes. 


Reticulocytes snspeuded in 

cm Oj consumed 
after 

2 hours ■ 6 hours 

Monomolccular 
constant of 
ripening rate 

' Saline 

1 

G1 

116 

0.01S5 

! Saline with m/8 cthyl-nrethane 

33 

57 

0.0109 

1 Saline with m/4 cthyl-nrethane 

29 

50 

0.007G 

1 Gastric extract with 0.1 ®/o.i Tyrosin . . 

.07 

105 

0.059G 

j Gastric extract with 0.1 “/oo Tyrosin m/8 

1 ethyl-urethane 

25 

81 

0.043G 

! Gastric extract with 0.1 "/oo Tyrosin m/4 
! cthyl-nrethane 

29 

CD 

0.0323 


m/2 cthyl-urethane gave licmolj’sis iu all vessels. 
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b. IntluencG of Narootios. 

Warburg (1914) lias sliown the inhibiting influence of narcotics 
on the red blood-corpuscles. We have used two urethanes, ethyl- 
urethane and butyl-urethane “Hedonal”; both had a marked 
influence on the ripening rate (Table 3). 

As to the butyl-urethane 0.025 m Hcdonal gave a respiration of 
35 p. c. and a ripening rate of 70 p. c. of the normal values. The 
corresponding figures for 0.010 m were 70 % of normal respiration 
and 85 % of normal ripening. 0.05 m caused hemolysis already 
after 2 hours’ incubation. 

d. Influence of Fumarate, Oxalacetate and Malonate. 

During their investigations on the role of the four-carbonatom- 
dicarboxylic acid in tissue respiration Szent-Gyorgyi and al. 
(1935) found that the addition of fumarate or oxalacetate to 
respirating tissues is able to stimulate the oxygen consumption. 
The oxygen uptake of tissue is moreover greatly inhibited by 
malonic acid which inhibits the succinodehydrogenase in the 
same concentrations. The inhibition of malatc on cellular respira- 
tion is completely abolished by the addition of fumarate (or 
oxalacetate). The experiments of Szext-Gyorgyi and co- 
workers were mainly carried out with minced pigeon-breast 
muscle but our experiments show that the same can be seen when 
reticulocytes are used as a respiring system. As to the ripening 
rate it closely follows the variation in oxygen uptake after the 
addition of fumarate, oxalacetate, malonate and malonate plus 
fumarate, the effects of which correspond to the abovedescribed 
(Tables 4 and 5). 

Szent-Gyorgyi concludes from his experiments that the sys- 
tems malate 7 ~^. oxalacetate and succinate fumarate act 
as hydrogen carriers. His theories have been modified several 
times and for details we refer to the originals. The finding can 
however, also be explained from the citric acid cycle theory of 
Krebs. It is beyond the scope of this paper to discuss the two, 
theories but it is evident that in this respect the red blood cells 
behave like the muscle tissue hitherto examined, and that the 
ripening processes follow the rate of respiration. One of the col- 
laborators of Szent-Gyorgyi, I. Banga (1936) has moreover 
shown that oxalacetate added to certain respiring tissues for a 
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Table 4. 


Effect of Fumarate- and Malonate on ripening rate and respiration. 


Reticulocytes suspended in 

cmra oxygen 
consumed in 

Monomolecular 
constant of 
ripening rate 


1 

' 1 hour 

6 hours , 

i 

i 1 

Saline 

53 ; 

j 148 

0.0139 

Saline with 0.0025 m malonate 

40 1 

1 108 

0.0129 

Saline with O.0025 m fumarate ' 

54 

; 163 

0.0142 

Saline with O.0025 m malonate and 0.0026 m 1 
fumarate 

‘ 50 

144 

0.0141 

Saline with 2 % liver extract ; 

55 

152 

0.0708 

Saline with 2 % liver extract and 0.0025 m 
malonate 

i 3S 

; 107 

0.0475 

: Saline with 2 % liver extract and 0.0026 m 
fumarate 

61 

171 

0.0803 

Saline Acith 2 fi liver extract and 0.0026 m 
malonate, 0.0025 m fumarate 

51 

; 147 

0.0722 i 


Higher concentrations could not be used ■ndthont hemolysis. Cnriosly enough, 
osalacetate could be tolerated in a much higher concentration. 


Table 5. 

Effect of Oxalacetate on ripening index and respiration. 


1 

Reticulocytes suspended in 

cmm oxygen 
consumed in 

1 

ilonomolecular 
constant of 
i ripening rate i 

! . . . - 

1 hour 

6 hours 

Saline 

[ 1 

! 45 

146 , 

1 0.0142 i 

1 Saline Avith O.Ol m oxalacetate 

1 75 

' 198 

j 0.0154 1 

Saline Avith 2 ^ liver extract 

40 

139 

j 0.0718 1 

' Saline -with 2 % liver extract and 0.01 m 
' oxalacetate 

77 

: 200 

I ' 

j 0.091C 


short time is able to arrest the oxygen uptake, ■n'hile it is reduced 
to malate, and thus competes with the oxygen as a hydrogen 
acceptor. This happens when muscle, liver and kidney tissue is 
used as a respiring medium while embryonic, lung and tumor 
tissue is not able to reduce oxalacetate. Our experiments show 
that the reticulocytes belong to the first category of tissues able 
to reduce oxalacetate. It is to be regretted that it is impossible to 
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arrest the oxygen uptake with oxalacetate for so long that the 
ripening process can be studied during this condition, as this 
requires a concentration of oxalacetate which causes hemolysis. 


0. lafiuenoo of Cyanide and Carbonmonoxide. 

As is Avell known, the inhibiting effect of cyanide and carbon 
monoxide on the oxygen uptake is caused by a specific inhibition 
on the last link of the hydrogen-carrying chain, the cytochrom 
oxydase. 

In the reticulocytes both these inhibitors have an effect on the 
respiration as well as on the ripening. 

Table 6 shows the effect of cyanide and Table 7 that of carbon- 
monoxide. 

Table 6. 

Effect of Cyanide on respiration and ripening index. 


Reticulocytes suspended in 

emm oxypen 
consumed in 

Monomolccnlar i 
constaut of | 
ripening rate 

' 

: 


1 hour 

6 lionrs 

Gastric extract Avith 0.1 ®/oo Tyrosine . . 

‘14 

324 

i 

O.OGU j 

G.astric extract Aritli 0.02 m KCN . . . 

22 

61 

0.0331 i 

Rabbit plasma 

38 

156 

0.03 10 ; 

Rabbit plasma Avith O.02 ni KCN .... 

23 

82 

0.0137 j 


When suspended in saline cyanide concentrations high enough 
to give a marked inhibition of the respiration caused a hemolysis 
which made it impossible to make ripening experiments. The con- 
centration of cyan should, howcA’-er, be astonishingly higli to cause 
any inhibition; in the above-mentioned experiment 0.008 m KGN 
gave only a shght decrease (3 — 16 p. c.) in respiration and ripen- 
ing rate. 

During the incubation all the vessels in this experiment Avere 
kept in the dark. It is one of the merits of Warburg to have shown 
that light abolishes the inhibition of carbonmonoxide on respira- 
tion. It can be shoAvn that the light has an effect not only on respi- 
ration in a carbon monoxide atmosphere but on the ripening rate 
as Avell (Table 8). 
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Table 7. 


Effect of Carbonmonoxide on ripening index and respiration. 


Ecticulocytes suspended in 

Atmo- 

sphere 

cmm oxygen 
consumed in 

Monomolecnlar 
constant' of 
ripening rate 


1 hour 

6 lionrs 

Saline 

f 20 ?;o. 

i 

214 

0.0148 

Saline with 2 % liver extract . . 

120 HO. 

\8o«n; 

[ 34 

193 

O.0698 

do. 

120 HO, 
\80je-CG 

[ 25 

164 

0.05G6 

do. 

IIOHO, 
\90» CO 

} 

136 

0.0498 

do. 

/ 5 HO, 
\95?eCO 

i 1' 

105 

0.0328 


Table 8. 

Effect of light on respiration and ripening in a carbonmonoxide- 

oxygen atmosphere. 


Reticulocytes suspended in 

Atmo- 

Kept in 

cmm oxygen 
consumed in 

Monomolecnlar 
constant of 
ripening rate 

sphere 

1 

hour 

6 

hours 

Saline with 2 fi liver extract 

(93,”^ N, 

\ 7HO, 

} light 

43 

156 

0.0682 

do. 

do. 

darkness 

52 

149 

0.0691 

do. 

1 93.^ CO 
\ 7% 0, 

j- light 

64 

169 

0.0691 

do. 

do. 

darkness 

n 

58 

0.0297 


The vessels kept in darkness were carefully wrapped in two 
layers of tinfoil so that no light could reach the content of the 
vessels. 


Discussion. 

The results obtained are apparently rather confusing. They 
can be summarized thus: 

1) The oxygen consumption during 6 hours is reduced to a 
third or less without a corresponding decline in the ripening rate, 
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2) T]ie addition of a drug in concentrations altering the respira- 
tion rate as little as a few per cent gives a similar alteration in 
the ripening rate, 

3) The same is seen when the oxygen pressure is varied, 

4) The ripening velocity can be augmented several times, 
while the oxygen consumption of the cells is decreased rather 
than increased. 

Items 2 and 3 can only be interpreted to mean that the ripening 
processes in some way or other are linked to the oxygen meta- 
bolism of the cell. It may be that the reticular substance acts as 
a hydrogen donator and its disappearance is simply due to an 
oxygenation but it may just as well be possible that the ripening 
process which is observed as a disappearance of the reticular sub- 
stances, is due to a chemical reaction with an oxygenation pro- 
duct of some other substance found in the reticulocjde, in such a 
way that one or other step in the oxygenation of this unknown 
substance reacts with the reticular substance and makes it dis- 
appear. It is impossible to decide which of these two explanations 
is to be preferred as the chemical nature’ of the reticular sub- 
stance is not even known yet, but something of this land must be 
the case or else the close connection between the oxygen con- 
sumption and the ripening rate could not have been observed. 
Especially the experiments with inhibition of carbon monoxide 
in darkness and light seem very convincing to the authors. 

Even the anaerobic metabolic processes seem to be able to 
induce some ripening since this is seen to proceed slowly even 
under completely anaerobic conditions. Experiments to study 
the ripening when all metabolic processes were excluded by adding 
monoiodo acetate to blood corpuscles kept under nitrogen did 
not succeed, as rapid hemolysis occurred. 

On the other hand, items 1 and 4 can only be explained if the 
oxygenation processes linked to the ripening processes form a 
comparatively small part of the total oxygenation processes in the 
blood cells. Our experiments show in fact that at least a part of 
the oxygen uptake has nothing to do with reticulocytes, as some 
of the non reticulated erythrocytes must have a considerable 
respiration. This fact, which has not been made clear before, 
appears from a series of experiments of which we give an example: 

As the reticulocytes have a lower specific gravity than the non 
reticulated cells, it is possible to separate the reticulocytes in a 
blood sample by means of fractionated centrifugation. 
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About 40 ml of rabbit’s blood witb about 100 p. m. reticuloc}’tes 
•was centrifuged at a slo'w rate (about 1000 r. p, m.). The upper 
fourth of the blood cells was suspended in saline and centrifuged 
again in the same manner. If necessary, the upper part from the 
second centrifugation was separated once more, suspended in 
saline and centrifuged. The blood cells in the upper layers were 
then mostly reticulocytes. In the same manner we can isolate 
non-reticulated cells when the bottom third of the blood-cell 
layer is centrifuged several times, always taking the bottom third 
for the next cGntrifugation. The blood cells were suspended in 
saline and 3 cc of the suspension were placed in the Warburg 
vessel and their oxygen uptake measured. The results obtained 
are given in Table 9. 

Table 9. 


\ 

; Total No. of led cells in 
the vessel 

t 

®/oo 

Reticnlo- 

1 

1 Oxygen uptake in 

}. 


cytes 




1 

! 2.29 X 10 ” 

7 

5 

17 

35 

i 2.82 X 10 ” 

778 

79 

178 

246 


It is seen that although the second sample contains more than 
a hundred times the reticulocytes of the first sample, the oxygen 
requirement is only 10 — 20 times as great. Thus it must be con- 
cluded that the non reticulated cells take part in the respiration 
of the erythrocytes. We have tried to determine how great this 
part is but find very varying figures. In the experiment of Table 
9 the oxygen uptake in the first minute is graphically determined 
as 0.6 cm m and 10.0 cmm. This gives an oxygen uptake of the 
reticulocytes about 17 times that of the same number of non 
reticulated cells. The rest of the experiments showed figures varying 
from oo to 1.8 but with most values lying between 15 — 30. This 
variation is certainly due to the fact that not all the non-reticulated 
cells can respire and the respiring and not respiring blood cells have 
been fractionated through the centrifugation, '\^^len 200 — 100 
p. m. reticulocytes are present and the non-reticulated blood 
cells have as much as an average respiration of 1/10 of that of 
the same number of reticulocytes, the respiration of the latter will 
be three-fourths of the total respiration of the blood sample, i. e. 
such a large fraction that isolated variations in the oxygen uptake 
12 — }40099. ActapJivs. Scandinav. Vol.7. 
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of tlie reticulocytes would be registered. This means that the 
respiration of the non reticulated cells is not sufficient to explain 
the respiration found not linked to the ripening of the reticulocytes. 
Therefore one must conclude that even a large part of the respira- 
tion processes within the reticulocytes is not linked to the ripen- 
ing processes. 

The oxygenation of the donators, the metabolism of which is 
linked to the reticulocyte ripening, must apparently have the 
same mechanism as the oxygenation of the donators having no 
relation to the ripening processes, as the influence of drugs, 
reduced oxygen pressure etc. is the same on both processes. The 
latter donators, however, are used up faster than the former with 
the result that the rate of oxygen uptake measured after some 
hours’ incubation may be diminished in a considerable degree 
ndthout a corresponding decrease in ripening rate. 

There may possibly be other explanations of the results ob- 
tained in the experiments but those mentioned here seem to the 
authors to be the most likely. 

Summary. 

"We have investigated the relation between the ripening rate of 
the reticulocjdes and the respiration of the blood cells. 

1) The ripening rate can be increased several times by means 
of ripening substances without any increase in the oxygen uptake 
of the cells. 

2) After some hours’ respiration the rate of oxygen uptake is 
considerably decreased, while the rate of the ripening is imaltered. 

3) Eeduced oxygen pressure reduces both the oxygen uptake 
and the ripening rate. 

4) Drugs with influence on the respiration have a similar 
influence on the ripening rate. Narcotics, malonate, cyanides 
and carbon monoxide give a decreased oxygen uptake and a 
decreased ripening rate, while the addition of fumarate and oxa- 
lacetate increase both. 

5) The oxygen uptake of the blood cells can be arrested for 
a few minutes by the addition of oxalacetate. 

6) The non-reticulated red blood cells have some respiration 
too. 

7) The results seem to indicate that the ripening of the reti- 
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culocjrtes is linked to a part of the respiratory processes of the 
cells, but the greter part of the respiratory processes has nothing, 
to do Tiith the development of the unripe blood cell. 
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The usual technique of recording the electrical activity on a 
surface by placing one or at most a fevr electrodes on several points 
simultaneously or in succession is admirably suited for studying 
the temporal course of the potential at every single point but is 
extremely cumbersome if the object of the study is the exact 
spatial course of the electrical events, for instance the spread of 
activity on the surface of the heart or the brain. In order to study 
such problems it would obviously be an advantage if one could 
visualize and record the electrical activity on the surface in ques- 
tion in the form of images in correct geometrical proportions 
where the distribution of light and darkness corresponded to the 
distribution of electrical events. Recording would then be done by 
cinematography. 

It will be shown below that one step in this direction ought to 
be possible with the aid of modern television technique. The 
nucleus of the proposed method is a tube which has some features 
in common with one of the outstanding pick-up tubes of present- 
day television, the Zworykin Iconoscope. The principles of tele- 
vision with the Iconoscope will therefore be outlined very briefly 
as an introduction. 

In an evacuated glass vessel there is mounted a metal plate 
covered on one side with a very thin insulating layer. The free 
side of this layer is given photoelectrical properties by a special 
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proce?5. AVlicn a light image is projected on tliis pick-up plate 
each point of the photoelectric la^-er will lose electrons at a rate 
proportional to the brightness of the image point falling on it. 
There ^rill thus develop an electrical charge image on the plate. 
This charge image can he transformed into a television — “video” 
— signal, wliich can he used by a television receiver to reproduce 
the primary light image. 

The transformation of the charge image into a video signal 
is performed by a fine cathode ray pencil of suitable electron 
velocity (socondan* emission factor > 1) %s-hich is moved over the 
charge image in a periodically repented path that cover-s the 
image area. Tlse cathode ray pcnci>remove.s the photoelectricnlly 
accumulated charge at point after point, the released charge, 
the ^-idco current, is converted into a voltage, amplified and fed 
into the television receiver, tvhere it is converted into a light 
image again. In radio television, the video signal is transmitted by 
radio hut this is of no interest here. Thus, the chain of transforma- 
tions is: primary light image — charge image — point after point 
dissection into video signal — point after pomt synthesis into 
secondary light image. 

Isow, the basic fact behind the proposed method for visualizing 
and recording bioelectric phenomena is, that the mechanism of 
conversion of the charge image into a video signal and then into 
a light image 1ms nothing to do with the special photoelectric 
properties of the pick-up tube plate. Thus, any charge image 
coxtW be transformed into a light image by the same arrangement. 

There should he no great difficulty in converting the bioelectrical 
events on n surface into a nsnble charge image. One possibility 
is the following. 

A A'ery thin insulating sheet is placed on the surface of the organ 
to be studied. Then, each elemental area of the sheet will act as a 
small condenser and on the free surface of the sheet there will 
he a charge image changing with the potential changes at the 
organ surface. 

If, now, the thin insulating sheet were a window in an eva- 
cuated vessel, its inner surface could be scanned by a cathode 
ray pencil e.vactly ns the pick-up plate of the Iconoscope, and a 
video signal corresponding to the hioelectrical events outside 
the window would be obtained. Obviously, the charge released 
from each .spot of the window by each passage of the cathode ray 
pencil would corre.spond to the change of 'potential beneath that 
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spot since the last ray passage. Thus, the secondary light image 
•will be an image of the rates of cliamjc of 'potential on the surface, 
A travelling action potential spike on a nerve fibre ■\Yould thus 
be represented as a travelling pair of spots, one dark and one light, 
corresponding to the rising and falling part of the spike. 

It is self-evident that the magnitude of the light picture bears 
no relation to that of the •svindow. Thus, enlarged pictures of the 
electrical acthnty on small areas of biological objects might be 
obtained. Depending on the requirements of the study, the spatial 
and temporal resolution of the resulting picture 'will be limited by 
either the thickness of the window or the thickness of the scanning 
beam or the band width of the amjdificrs. A certain systematic 
error will be caused by tlie fact that the potentials of the different 
spots arc recorded at shghtly different times. This error can be 
minimized by increasing the rate of travel of the cathode ray 
pencil. It is, of course, quite possible that the rates and paths of 
travel of the ray pencil used in ordinary television are not optimal 
for recording bioelectrical phenomena. This is not, however, the 
place to go into details either of apparatus or of the problems that 
might be approached by the outlined arrangement. At present, 
only laboratories with quite unusual resources could possibly 
develop the idea into a worldng reality. The author does not expect 
to be able to take part in this work. The aim of the present note is 
therefore only to point out some of the inherent possibilities of the 
new technique of tele\asion for physiological purposes in the hope 
that somebody might find the idea worth trying. 
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In a prc\'ion.s paper (Scnou, 1043) an account ^Tns given of 
tbe excessive increase in diuresis -which can be produced bj 
intravenou-s infu.'^ion of a 20 % Xn^.SOa solution into rabbits. 
By this means tlic diuresis is increased from about 0.1 ml per 
minute to about 15 ml per minute. 

An analysis of how, according to the filtration-rcabsorption 
theory .such a diure.sis, increased about 150 times, must be ac- 
counted for by changes in the glomerular and the tubular function 
respectively .showed that — starting from the creatinine clearance 
as a mca.surc of the filtration in the glomeruli — partly an in- 
crease in the ultrafiltration to two or three times as much as be- 
fore and partly a very inteusc inhibition of the reab.sorption of 
water in the tubules must be assumed, so that under these cir- 
cumstances tlie urine is only very slightly concentrated. 

In another paper (Scnou, 1944) the pressure and transfusion 
conditions in the glomeruli were investigated during sulphate 
diuresi.s, and it was .shown that the physical conditions for the 
computed increase in the glomerular filtration are probably present. 

‘ The work has boon snpportcd by a grant from the P. CaiUj Petshsen 
Foundation, Copenhagen. 
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Tlie object of tlie present work is to investigate the tubular 
function during profuse sulphate diuresis. Tor that purpose the 
excretion of the various substances occurring in the plasma has 
been determined, thus of creatinine, the infused sulphate, urea, 
chlorine, and glucose. 


Method. 


The present investigations formed a link in the 25 experiments 
mentioned in a previous paper (Scnou, 1943). 

For the method see the latter. The blood samples taken in the middle 
of the clearance periods were sufficiently large for the necessary ana- 
lyses to be made. 

Creatinine determination: sec the above-mentioned paper. 

The sulphate in the plasma and the urine was determined by pre- 
cipitation with benzidine in acetone and subsequent titratioA with 
NaOH a. m. Cope (1931) after precipitation of the proteins with 
trichloroacetic acid. 

The urea analyses were made on the principle of the urease method 
by a microdiffusion technique devised by Conway and Byrne (1933). 

The chlorides in the plasma and the urine were determined a. m. 
VoLHAED ivith the technique described by Keys (1937), 

In the glucose analyses the method of precipitation of the proteins 
by means of ferrisulphate and barium carbonate devised by Steinee, 
Ueban and West (1932) and the copper titration method of Shatter 
and SoMOGYi (1937) were employed. The creatinine content had to be 
known beforehand as a correction had to be made owing to the reducing 
power of this substance on copper sulphate. 

On the basis of these analyses of the urine and plasma, calculations 
were made for the various substances in order to find: 


X-C.index 


mg% X in urine 
mg% X in plasma 


X-clearance = X-C.index • the diuresis 


X-Excr.% = 


mg X excreted _ X-clerance 

mg X filtered creatinine clearance 


. 100 


where X stands for the substance analysed. 


Results. 

In Tables I and II the results of these calculations are given 
together for the 6 experiments which were used as examples 
in the preceding paper (Schou, 1943). The figures for the diuresis 
and for the creatinine clearance (Table I) as well as for the 
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concentration index (= C.index), (Table II), -will be found again 
here. 

Table I mth the following Table II show the results of 6 of the 
sulphate diuresis experiments. 

For each of the experiments are given the figures for a normal 
period (N) and 3 sulphate diuresis periods (Sj, Sj, and Sj). 

The ultrafiltration in the glomeruli is calculated as creatinine- 
clearance. 

The figures for the diuresis are those directly found, expressed 
in ml per minute. 

Further the figures for the concentration of the various substan- 
ces in the serum are given, as well as the amounts of the substances 
in question which are excreted in the urine. 


Table I. 
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Table II shows (from the same 6 experiments as in Table I): 

The degree of concentration in the urine of the various substan- 
ces examined = C. index (the creatinine-C. index expresses the degree 
of concentration for the urine itself). 

The Excr.% as an expression of that part of the ultrafiltrated 
amounts of the substances which is excreted with the urine. 


Table II. 


Experiment 

Period 


C. index 
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The following facts emerge: 

1) The very great increase in the diuresis from the c. 0 . 05 — 
0.1 ml per minute of the normal periods to the 7 — 16 ml per 
minute of the sulphate diuresis periods. 
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2) The increase of the glomerular filtration to about 2—3 times 
the normal during the sulphate diuresis and 

3) the immense fall in the creatinine-C.index (~ the concentra- 
tion of the urine) from the normal values of 50 — 300 to figures 
ranging round 2.0— l,r. at the height of the sulphate diuresis. 

These last figures must accord ^v^th the fact that ‘/a — Vs of 
the glomerular filtrate under these circumstances pass down 
through the tubular canals and then pass out as urine (i. e. the 
water-Excr. % — 50 — 66) while corrc.spondingly only the second 
half to a third part can be reabsorbed. 

Such extremely low figures for the renal concentration action 
must of course lie far below what Avill occur in the kidney except 
in experimental work, and in this connection it is worth noting 
that in no case within these experiments have figures lower 
than 1 been found for the "urinc”-C.index. 

If this had been the case it would not have been possible to ex- 
plain the renal function during sulphate diuresis by the filtration- 
reabsorption theory, since this would mean that the glomerular 
filcratc far from being concentrated in the tubules would on the 
contrary have been diluted on its way through these and the 
e.vcretion of fluid necessitated bv this is not considered in the 

V 

theory. 

The fiulphntc excretion. Table I shows that the sulphate content 
of the serum in the normal fcriods was found to be about 15 — 20 
ing% SO4 and that only small amounts of sulphate, less than 
1 mg per minute arc excreted with the urine. 

The figures for the C.index .show that the sulphates are con- 
centrated in somewhat varying degree, but not so much by 
far as the ultrafiltratcd fluid. The experiments here reported 
exhibit C.indices between 2 and 30 for sulpliate, and as previously 
stated, between 54 and 303 for the glomerular filtrate. 

The corresponding figures for the sulphate-Excr,% (Table II) 
lie between 2 and 24. Since it is certain that sulphate passes 
freely through the glomerular membrane this must probably 
mean that under normal circumstances a considerable reabsorp- 
tion of sulphate takes place in the tubules, as has indeed been 
conjectured by several authors (Core 1932, Haymax and Johx- 
STOX 1932, Bjerixg and 0llgaard 1939). 

In the sulphate dittresis periods the serum sulphate is found to 
come very near to about 600 mg%, and a considerable excretion 
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of sulphate now takes place in the urine, up to over 100 mg per 
minute. 

The excretion conditions, too, are quite different from those 
of the normal periods. 

The figures for the sulphate-C.index (Table II) here come quite 
near to the simultaneous figures for the "urine”-C,index, and 



“Urine"-C.iDdex. 


Fig. 1 stows the reltition between the degree concentration of the urine = the 
“arine'-C.index and the suIphnte-E.vcr.s in 56 snlphnte diuresis periods from 

17 esperiments. 

The stippled line is the curve constructed as per the definition of the rela- 
tion between the “urjno”-C. index and the watcr-Excr.fi. 

the corresponding figures for the sulphate-Excr.% must thus 
group themselves round 100, that is to sav, there is agreement 
between the sulphate and the creatinine clearance. 

Fig. 1 shows the relation between the sulphate-Excr.% and 
the "urine”-C.index. In the diagram has been traced what might 
be called the “water excretion curve”, i. e. the curve constructed 
as per the definition of the relation between the water-Excr.% 
and the ''urine”-C.index. According to the definition of these 
concepts this curve must be an equilateral hyperbola, since the 
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Excr.% = 100. At a urine concentration index of 2, 

50 % of the ultrafiltrate must be reabsorbed. 

Fig. 1 shows in the first place the general tendencj’ that the 
less the concentration of the urine, the greater is the part of the 
filtrated sulphate that is e.xcreted, that is to say, the less ivill be 
reabsorbed, until at the lowest values for the concentration index 
of the urine, a complete cessation of the reabsorption of sulphate 
must be assumed. 

In the second place, the diagram shows that all the points 
lie above the "water excretion curve”. The sulphate-Excr.% then 
is always greater than the simultaneous ordinary water-Excr.%. 
This expresses the fact that the concentration of sulphate in 
the urine Avas in all cases found to be higher than the simul- 
taneous concentration of the plasma. Where a reabsorption of 
sulphate takes place in the tubules this is never greater than 
what might be c.xplained by a passive diffusion process. 

It irill be noted that the diagram presents Amlues for the sul- 
phate-Excr.% right up to 115. Theoretically the occurrence of 
figures above 100 for this factor should be interpreted as an 
expression of an excretion of the substance in question in the 
tubules, but it should here be kept in mind that the sulphate- 
Excr.% factor is the result of calculations on the basis of 4 
analyses in all and a measurement of the diuresis, the errors of 
Avhich raa}' sum up, and that the calculations, especially con- 
cerning the sulphate e.xcretion, in these experiments must become 
somewhat uncertain owing to a greatly fluctuating sulphate 
content in the plasma as a result of the rapid infusion. Thus 
it will probably be most prudent to interpret these too high 
points as a deidation in the above-mentioned grouping round 
100 resulting from an experimental error. 

The excretion of urea. The content of urea in the serum (Table 
I) varies in the individual experiments betAveen 26 and 76 mg 
per 100 ml, but is otherAvise remarkably constant in the individual 
experiments irrespectively of the great changes in the composition 
and concentration of the plasma caused by the sulphate infusion. 

The excretion of urea in the urine rises during the sulphate 
diuresis from about 0.5 — 2.5 rag per minute up to 11 — 12 mg 
per minute. 

In other respects the excretion of the urea presents essentially 
the same picture as that of the sulphates. 
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Eehberg (1926) regards iirca as a no-tkresliold substance 
whicb is filtered with the plasma into the glomeruli and then 
passively diffused back into the blood through the tubular wall 
to the extent permitted by the degree of concentration of the urine. 

This is in fact found to be the case in the normal 'periods of these 
experiments. It is found (Table II) that the urea is considerably 
less concentrated than the urine itself. In all the experiments 
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“Urine'’-C.indox. 

Fig. 2 shows the relation between the “nrine”-C.indos and the nrea-Excr.S in 
40 sulphate diuresis periods from 14 experiments. 

As to the stippled curve see the text to Fig. 1. 

(apart from a single case in experinient 19 of this table) the 
urea-Excr.% ranges round 20 — 50. 

In the sulphate diuresis periods, on the other hand, it is found 
that the urea has the same degree of concentration as the urine, 
that is to say, they have virtually identical concentration indices. 
So that just as in the case of sulphate, so also in the case of urea 
the figures for the Excr. %, at any rate at the height of the diuresis, 
range round 100. 

Eig. 2 shows the relation between the degree of concentration 
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of the urine and the Excr.% of the urea. The plotted curve (. . .) 
as stutud above as far as the sulphate is concerned shows the 
relation between the "urine ’’-C.index and the water-Excr.%. 

The diagram is exactly similar to the corresponding one for 
sulphate. The urea-Excr.% shows a distinct tendency to rise 
gradually as the degree of concentration of the urine decreases, 
until at concentration indices of 2 — 1.5 a total excretion of the 
ultrafiltratcd urea is found. 

As to the values for the urea-Excr.% exceeding 100, here 
the same considerations must apply as were stated above for 
the sulphate. 

All the points in the diagram lie above the "water-excretion 
curve”, expressing that in no case was less urea found in the urine 
than in the plasma. 

These two observations show that the principle of the excretion 
of urea under these circumstances is the same as that demonstrated 
by Eehberg under normal circumstances, that is to say, that the 
back diffusion of urea is proportional to the degree of concentra- 
tion of the urine. 

This has indeed been confirmed by Sh.WnTion (1938), for in- 
creased diuresis too. 

It will be noted that, as was the case vith the filtrated fluid, 
no values for the C.index less than 1 have been found either 
for sulphate or for urea, a fact which highly favours the suppo- 
sition that the prindph of the mode of excretion for these sub- 
stances is the usual one in the kidney only here adapted to the 
unusual working conditions. 

The chlorine excretion. The serum concentration in the normal 
periods is seen in Table I to be somewhat variable in the indi\ddual 
experiments — between 370 and 390 mg per ml, probably as a 
result of the intravenous infusion of varying amoimts of 0.9 % 
NaCI which was necessary to prevent coagulation in the cannula. 

In spite of the rather high content of chlorine in the plasma 
the excretion of chlorine was but slight, 0.2 mg per minute or less. 
Hence the animals must have been rather poor in chlorine. 

After the sulphate infusion was begun, a distinct reduction in 
the plasma of the chlorine concentration to about 300 — 320 mg % 
■was constantly seen in all the experiments. 

This might perhaps be explained as a simple consequence of the 
dilution of the serum caused by the infusion, but at the same 
time the figures for the chlorine content of the urine show a very 
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considerable increase in tlie chlorine excretion, to about 40 mg 
per minute. 

Similar observations on the ability of the sulphate ion to 
"replace” the chlorine ion in the plasma have been made by 
Mgller (1926) and by Ajibersok, Nash, Mulder, and Binns 
(1938) who showed in experiments on cats that in this way the 
chlorine in the plasma may be reduced by as much as 25 %. 

According to Eehberg (1926) the mode of excretion of the 
chlorine is dependent on the concentration of chlorine in the 
plasma, in such a way that at low concentrations of chlorine 
in the plasma — below the tlireshold about 370 mg % — it is 
supposed to be actively reabsorbed, whereas at a higher figure 
an excretion of this substance on a line with the no-threshold 
substances is assumed. 

The mode of excretion of the chlorine in the normal periods 
of these experiments is indicated by the few examples in Table I, 
It is seen that here, in rabbits, the excretion of chlorine follows 
the same lines as Eehberg found for humans. The chlorine 
content of the urine is considerably less than that of the plasma, 
so that the chlorine-C.index lies considerably below 1. The chlo- 
rine-Excr.% shows that when the chlorides of the plasma, as was 
the case in these experiments, range round the normal 370 mg %, 
less than 1 % of the chlorine which is filtered enters the urine, 
while the rest passes back into the blood through the tubular 
wall. 

During tJie sulphate diuresis, values for the chlorine-C.index 
are found which are somewhat higher than in the normal periods, 
though still less than 1; this expresses the fact that the chlorine 
concentration in the urine approaches the concentration in the 
plasma. 

This relatively slight change in the chlorine-C.index will, 
however, when viewed in connection with the enormous excre- 
tion of fluid, signify a very considerable increase in the excreted 
amount of chlorine per minute — as already mentioned above. 

How the increased excretion of chlorine is brought about is 
seen from the chlorine-Excr.% which, from the above-mentioned 
values below 1, rises to between 20 and 60. This is apparently 
in conflict \vith what Eehberg found for the chlorine excretion in 
man, viz. that at low values of chlorine in the plasma the chlorine- 
Excr.% is practically independent of the C.indeX of the urine, 
lying at about 1 — 2 %. But tins fact too must be viewed in the 
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light of what was said above about the excretion of fluid. Under 
these circumstances so little fluid is reabsorbed that the kidneys 
can onK* to a very limited extent carry the chlorine back to the 
blood, and in this way the excretion of chlorine must reach a 
much higher level. 



Fig. :5 shows the iclalion het-.veen the “urine,''-C.tntlcx anil the chlorino-Excr,?; 
in I'J sntphatc diuresis periods from 14 experiments. 

As to the 'tippled curve sec the text to Fip. 1. 

Jis will appe.'ir from the diagram Fig. 3, the less the urine is 
concentrated, that is to say, the Ic.ss of the glomerular filtr.ato 
is re.'ibsorbcd, the less of the filtered chlorine will pass back 
Ihrotigh the tubtiles, allowing that the chlorine-Excr.% rises with 
the falling concentration index. 

As far as chlorine is concerned, all the points lie bclo^o the 
above-mentioned “water excretion curve”. If for instance we 
con.sider jicriod 3 in experiment 18 we shall find (Fable II) a watcr- 
Excr.% of so, that is to say, a concentration index of 2. At the 
same time the chlorinc-3iiXcr.% is 35, and thus in Fig. 3 will 
lie lower than the “water excretion curve”. 

Ada phun. ^caiiiltnav. Yol.T. 
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This means, then, that 60 % of the fluid filtrated is reabsorbed. 
This reabsorbed amoimt of fluid is to contain 65 % of the chlorine 
that has been filtered. Hence the chlorine content of the fluid 
which passes back through the tubular wall must be 30 % higher 
than in the plasma. 

In all the experiments on the chlorine content in the reabsorbed 
fluid the calculations have in fact shown a higher chlorine content 
in this than in the serum within the same periods (figures not 
given). 

As previously stated, the values for the chlorine content of 
the serum were below 370 mg %. 

This circumstance miist be regarded as expressing the fact 
that even if, gradually as the concentration index falls, a steadily 
increasing amount of the filtrated chlorine is excreted, still the 
active chlorine reabsorption will not cease entirely at any time. 

The excretion of glucose. Table I shows that in these experiments 
the content of glucose in the plasma increases in a considerable 
degree to about 300 — 500 mg %, that is to say, to far above the 
threshold value. In experiments 15 — 19 inch this increase must 
be due to the administration of uretane, whereas the further rise, 
in experiment 20, to more than 800 mg % is due to the administra- 
tion to this animal of 4 gr of glucose for the purpose of exam- 
ining the excretion of glucose at corresponding high values for 
glucose in the plasma. 

Glucose was excreted in the urine in all periods but the glucose 
excretion in the normal periods was not examined since the high 
content of creatinine in the concentrated urine of these periods 
rendered glucose analysis impossible. 

The figures for the glucose concentration in the urine are not 
given in the tables but they Avere found to lie around the simul- 
taneous glucose concentrations in the plasma, though in most 
of the periods a trifle higher. 

Thus the glucose-C.index will range aroimd 1.0 (Table II), and 
in fig. 4 it is seen that the points which in the indiAudual periods 
of diuresis show the relation between the glucose-Excr.% and 
the “mine”-C.index similarly lie near the "Avater excretion curve”, 
in by far the greater part of the cases a little above it, only in 
some few of the 30 cases below the curve. 

Theoretically, then, this would mean that only in these fcAV 
cases have the tubules been able to maintain a glucose reabsorp- 
tion in the same active sense as for chlorine, while in most of 




“Urino’-C.index. 

Fig. 4 shows the relation between the “arine”-C.index and the glncose-Excr.!!» 
in 30 sulphate diuresis periods from 10 experiments. 

As to the stippled curve see the text to Fig. 1. 

the periods it should be possible to explain the reabsorption 
mechanism as a simple diffmsion process. 

But, on the other hand, the diagram shows that the kidneys 
at a concentration index of 2.0 can still transfer 40 — 60 % of 
the glucose back to the blood, which is perhaps most easily 
interpreted as a result of an active process. 

When the degree of concentration of the urine falls below 2.0 
the reabsorption decreases very quickly, that is to say, the glucose- 
Excr.% tends to approach 100 without quite reaching this figure. 

Thus it proves that the same inverse proportionality which 
was observed in greater or less degree for the other substances 
also asserts itself here as an expression of the fact that the less 
the urine is concentrated the less of the filtrated glucose passes 
back through the tubular wall. 
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Discussion. 

The concentration in the serum of the various substances 
surveyed in Table I shows that it is in the main the fluctuations 
in the chlorine ion and sulphate ion content which determine 
the changes in the content of electrolyte in the plasma from the 
normal periods to the sulphate diuresis periods. 

If the concentrations stated are converted into milliequivalents 
per liter of serum it turns out that the rise in the sulphate con- 
centration is far greater than ■ — 5 times as great as — the re- 
duction in the chlorine concentration. 

The sum of Cl- and SO5 — ions in the experimental periods 
constitutes about 110 milliequivalents per liter, while the figure 
after the sulphate infusion may lie at about double that amount 
(figures not given). 

Thus there is a very considerable increase in the content of 
electrolytes in the jolasma. 

Though it is not possible to make any definite statement as 
to how the excretion of this enormous surplus of electrolytes 
is regulated, it may still be pointed out that the kidneys excrete 
the sulphate ions as quickly as it is at all possible according to 
the filtration-reabsorption theory, that is to say, by an increased 
filtration and a virtual cessation of the reabsorption of this 
substance, and further, that it seems that the organism lets the 
sulphate ions forced upon the plasma replace up to 20 % of 
the chlorine in the plasma, Avhich can thus also be excreted in 
the urine in considerable amounts. 

In a previous paper (Schou, 1943) it was stated that when 
up to 60 — 70 % of the glomerular filtrate is excreted as urine 
during the sulphate diuresis, the urine must approach the ultra- 
filtrate in composition if the filtration — reabsorption theory is 
to hold good under these circumstances. 

The investigations reported in the present paj)er have now 
shown that this is in fact the case, as the concentration of the 
various substances examined has proved to be reduced and 
"made uniform” to such a considerable extent that from widely 
differing values the figures for the concentration indices for these 
substances approach values ranging round 1. 

It is true that under these circumstances the excretion condi- 
tions differ widely from what is offered the kidneys imder normal 
physiological conditions; it may be pointed out, however, that 
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— as was the case for the excretion of fluid (Schou, 19-13) — so 
also as far as the substances contained in the tubular fluid are 
concerned conditions were in no case met with wliich cannot in 
principle be explained by the filtration-reabsorption theory. 

The experimental results have shown that the characteristic 
factor in the tubular function sulphate diuresis is a general 
failure of the xeabsorption process. 

CuSHNY (1926) studied the mechanism of the sulphate diuresis 
and advanced the view that the presence of the not easily re- 
absorbable sulphate ion in the tubules by its osmotic effect had 
an inhibitory influence on the reabsorption of water. 

The experiments reported in tlie present paper have sho'wn 
that the decisive factor in the excretion of all the substances 
examined is precisely the verj’- low degree of concentration of 
the urine-C.index, caused by the failing reabsorption of fluid, 
possibly with the high concentration of sulphate in the urine as 
the primary factor. 

Though no conclusive explanation can be given of the quanti- 
iaiive regulation of the reabsorption process under those circum- 
stances outside the ordinary, it should, however, be possible, on 
the basis of the experimental results of the present work — and 
w'ith support from Cushny’s standpoint — to put forward the 
follovung view concerning the tubular function during sulphate 
diuresis. 

After the direct infusion into the bloodstream of large amounts 
of hypertonic sulphate solution the renal tubules receive through 
the. filtration in the glomeruli an ultrafiltrate with a A’^erj’’ high 
content of sulphate ion. This can only with great difficulty pass 
back through the tubular wall, so all the way down through the 
tubules it vdll prevent the reabsorption of fluid by its osmotic 
effect. 

In this way the conditions for a normal reabsorption of the 
other substances occurring in the tubular fluid are compromised, 
for, owing to the failing reabsorption of fluid, they cannot j^ass 
back through the tubular wall to the extent that must be presumed 
to be the case in the usual renal treatment of these substances. 

Consequently it must be supposed that the osmotic effect of 
these substances, in conjunction with the sulphate ion, must in 
some way or other assert itself in the tubules in the final regula- 
tion of the extent of reabsorption, and so of the composition and 
amount of the urine. 
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Conclusion. 

By experiments reported in previous (Sciiou, 1943, 1944) and 
in tlie present paper it is shown that it should be possible to 
explain the profuse sulphate diuresis as a result of a combination 
of an increased filtration in the glomeruli and a much reduced 
reabsorption of fluid, and so of the substances dissolved in the 
fluid, in the tubules. 

The explanation of this very great excretion of fluid will thus 
be found consistent with the filtration-reabsorption theory on 
the renal function, and the experiments ^vill therefore — as was 
the main object of the work — serve to confirm the general 
validity of that theory even though the excretion of fluid rises 
to many times that which the Iddney must yield under normal 
circumstances. 


Summary. 

In continuation of papers prc\iously published by the author 
on renal function after infusion of a hypertonic sulphate solution 
into rabbits, the present paper gives an account of the function 
of the tubules during sulphate diuresis. The excretion of the 
substances contained in the plasma has been investigated through 
clearance determinations. 

1) SulpJiate. The experiments show that before the sulphate 
infusion a considerable reabsorption of sulphate ion must be as- 
sumed. During the sulphate diuresis this is reduced until at the 
height of the diuresis it completely ceases, that is, the sulphate- 
Excr.% = about 100. 

2) Urea shows in principle the same conditions. 

3) CJilorme. The reabsorption of chlorine is considerably re- 
duced, but it is still thought possible to observe an active reab- 
sorption of chlorine in the tubules. The chlorine-Excr.% rises 
from less than 1 to 20 — 60 %. 

4) Glucose. During the sulphate diuresis the glucose Excr.% 
rises to more than 80 % gradually as the degree of concentration 
of the urine decreases. 

Here — as for the other substances — it holds good that the 
reabsorption decreases very rapidly when the C.index of the urine 
falls below 2. 

6) The decisive factor in the excretion of all the substances 
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studied is the low C.index of the urine, resulting from the failing 
reabsorption of fluid. 

All the conditions observed during the sulphate diuresis can be 
explained by the filtration — reabsorption theory. 
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In a number of previous papers (Sciiou 1943, 1944) the author 
gave an account of the profuse diuresis resulting from intravenous 
infusion of a liypcr tonic sulphate solution into rabbits. 

Investigations on the mechanism of this diuresis shoved that, 
if it is to be explained on the principle of tlie Cushxv-Rehberg 
filtration-reabsorption theory, the fundamental factors of the 
enormous excretion of fluid must be partly an increase in the 
filtration in the renal glomeruli, partly a very considerable reduc- 
tion of the reabsorption of fluid in the tubules. 

As far as the glomerular function is concerned it has been 
possible to sliov directly that the blood pressure and the renal 
blood flow are appreciably increased as a result of the sulphate 
infusion, so that physically an increased filtration should be pos- 
sible. 

With respect to the tubular function the assertion of its partial 
failure rests on more indirect evidence, vuz. on calculations based 
on that theory of kidney function, the validity of which it has, 
precisely, been the object of these papers to confirm. 

Considerations of this land suggested the possibility of investi- 
gating the kidney function during sulphate diuresis on kidneys 
tvJiose reabsorpiion ability had already been compromised by an 
injury to the tubules. 

^ This work has been aided by a grant from the P. Carl Petersen Foundation, 
Copenhagen. 
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If it could be sliown in this way that kidneys whose tubules 
are not or only in slight degree capable of functioning, will function 
in the same way as normal Iddneys after a sulphate infusion, this 
Avould furnish more direct support for the theory of the tubular 
function during sulphate diuresis. 

In his doctor's dissertation (1923) and in later works (1925, a, 
b, and c) on the same subject Frandsen has described a technique 
by Avhich it is possible to jiroduce experimentally a chronic tubular 
nephritis in rabbits by means of repeated intravenous injections 
of small doses of potassium bichromate. What would make this 
form of nephritis particular]}' well suited for the object of this 
work is that according to Frand.sen’s microscopic c.xamination 
it leaves the glomeruli virtually intact, at any rate as long as the 
nephritis has not risen to very high degrees. 


Experimental Technique. 

Eniplo}-ing Frandsen’s technique for producing nephritis, sulphate 
diuresis c.xpcriments were therefore made on three such nephritic rab- 
bits, the technique and method of analysis being exactly the same as 
wore previously indicated by the author (1913). A very brief description 
of the procedure will therefore suffice licrc. 

As already mentioned, the principle of the c.xperiments is to investi- 
gate the excretion of water and various substances dissolved in this 
during quite short periods after the diuresis lias been increased by 
means of intravenous infusion of a hypertonic sulphate solution. 

The two first experiments were based on 1 minute periods, the third 
experiment on 2 minute periods. 

As in the previous c.xpcriments, the plasma and urine were analysed 
for creatinine, sulphate, urea, chlorine, and glucose to determine the 
degree of concentration in the urine, i. e. the O.index, and by means of 
the figures for the diuresis the values were calculated for the clearance 
as well as the figures for the Excr.% = the percentage of water filtrated 
in the glomeruli, as also the various substances which after passing 
through the tubules come out as urine. 

The animals used were male rabbits weighing 2.5 — 3 kg. In the 
course of four months before the experiments they were injected every 
6th day through an ear vein with about 0. 8 ml of a 1 % solution of 
potassium bichromate, 21 times in all, the last chromate injection being 
given 6 days before the experiments. 

The animals were given the usual diet of turnips, oats and hay. Two 
of the animals kept their weight throughout the period preceding the 
experiment, the third lost 650 gr. In all three experiments the urine 
contained albumen on the day of the experiment. 

As an example we may give the experimental notes from the third 
experiment. 
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Experimental notes 

At 13.15 administration of 17.5 ml 25 % nretane solution -f water to 
100 ml by moutb. The animal is then put in tbe incubator. 

14.20 administration of 1 gr creatinine in 20 ml O.o % NaCl solution 
subcutaneously. Operation in the usual way. 

15.31 — .55 normal period (N) with quite slow intravenous infusion 
through the inserted cannula of 20 ml 0.9 % NaCl solution in 
all. 

16.12 — .21 infusion of 75 ml 20% NaiSOi»10HiO solution. 

16.17 — .23 1st, 2nd, and 3rd diuresis period of 2 minutes each 
(Si Sj and S,). 

16.24 the experiment is interrupted, the a.m'mal killed, the kidneys 
removed, and at once fixed in formol-Zenker’s fluid. 


The histological picture of the kidneys of the 
experinieiitnl animals.^ 

The kidneys prove to be large, hea\y, edematous, somewhat pale, 
with red c3’’anotic patches. 

In sections the width of the cortical zone is seen to be reduced. The 
base of the pyramids is uniformly red without the usual striation, and 
there is a sharp line of demarcation between this zone and the larger 
collecting tubes at the apices of the pyramids, which have a natural 
appearance. 

Histologically most of the glomeruli are moderately enlarged. Some 
few of the glomeruli, however, show incipient shrinking. Locally is seen 
an increase of the connection tissue fibrils in the interstitial tissue. In a 
few glomeruh there is round cell infiltration and here and there leuco- 
cytes appear. 

The convoluted tubules present a varied, heterogeneous picture, 
above all dominated by the enormously dilated lumina. In by far the 
greater number of the transverse sections of the ducts the dilated cells 
are for the most part seen to be rubbed off so that of the original epi- 
thelial coating only the basal membranes are seen and quite few surviv- 
ing cells which have become quite flattened. 

In numerous ducts there is thus no coating of cells at all, in others the 
cells are preserved but the seat of considerable degeneration, and in 
a few of the tubules grouped round a few glomeruli the cells may have 
an almost quite natural appearance with deeply stained nuclei and 
protoplasm and well preserved brush seams. 

There are all transitions beteeen these stages but the picture is pre- 
dominantly marked by the quite flattened cells lying like a zyheytium 
round the dilated lumina. 

The farther one gets down into the medullary rays and the pyranud, 
presumably on a level with the tubuli recti, and the small collecting 

^ I am much indebted to prosector Dr. L. Heebup for his aid in the analysis 
of the histological preparations. 
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tubes, the more one sees a steadily increasing occurrence of hyaline 
cylinders in the largest dilated lumina, but otherwise the cells in the 
collecting tubes, especially in the largest ones, gradually as one appro- 
aches the tips of the papillae become more and more natural in appear- 
ance with djstinct cell boundaries and distinct not degenerated nuclei. 

Throughout the kidneys is seen a diffusely increased development of 
connecting tissue, particularly pronounced around the vessels which 
are otherwise imchanged. 

Thus the kidneys present the picture of a pronounced chronic deyenera- 
tion of by far the greater mimher of the tubules. 

It would seem very little probable that there should be a possibility 
of any active reabsorption process in the tubules, where the cells have 
been most injured, but in between there are more well-preserved areas 
which, judging from the picture, could very well be localised to the 
course of the individual nephrons which have thus for some reason or 
other proved refractory to the influence of the chromatic acid. 

As to the glomeruU, they are for the most part well preserved though 
here and there is seen an incipient change in them sufficient to explain 
the lack of ability, mentioned below, to augment the filtration in the 
same degree as in healthy animals. 


Experimental Results. 

The results will appear from Table I in which, omitting numer- 
ous intermediate calculations, the computed factors have been 
presented, which are necessary to estimate the Mdney function 
in the three nephritic animals. The corresponding figures from 
two of the sulphate diuresis experiments (experiments 18 and 19) 
on healthy animals mentioned in previous works (Schotj 1943) 
are inserted for comparison . 

Tor the normal periods (N) before the sulphate infusion the 
table sho\vs that the diuresis is somewhat larger here in the neph- 
ritic animals (0.17, 0.51 and 0.43 ml per minute) than in the 
healthy animals (about 0.05 ml per minute). 

The filtration in the glomeruli, on the other hand, is considerably 
lower in the nephritic animals (1.3, 3.5 and 4.3 ml per minute) 
than in the healthy animals (12.0 and 13.6 ml per minute). 

These facts are expressed in the urine-G. index which in these 
experiments shows much loAver values for the nephritic kidneys 
(7.6, 6.9, and 9.9) than for the sound kidneys (250 and 303). 

The corresponding ivater excretion % in the nephritic animals 
is in these experiments 13, 14.5, and 10.1, whereas this factor imder 
normal circumstances lies below 1 (in the examples given here 
0.4 and 0.3). 
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For those substances, too, -which are found in the tubular 
fluid the few figures given for the normal periods show higher 
values for the Excr.% in the nephritic animals than in the sound 
animals. 

After the sulphate infusian (periods Si So and S3) the figures for 
the diuresis in the nepliritic animals are found to lie between l.G 
and 10.0, somewhat lower than in the healthy animals which have 
7.5 and 16.3 ml per minute. 

The figures for the glomerular filtration are considerably lower 
in the nephritic animals (between 2.5 and 10.8) than in the healthy 
animals (between 15.9 and 24,5). 

The urinc-CAndex values arc quite low for the nephritic animals 
(right down to 1.03), and the figures for the water-Excr.% which 
in the sound animals lies between 35 and 66 during the sulphate 
diuresis, here in the nephritic animals shows much higher values 
— right uji to 97. 

'With respect to the substances in the urine it applies to sulphate 
and urea that the E.vcr.% both in the healthy and the nephritic 
animals lies around 100 with a tendency to higher values in the 
nephritic animals than in the hcaltln* ones. 

The gluco.so.-Excr.% only roaches 75 in the healthy animals, 
in the nephritic, animals the figures are on a level with the figures 
for sulphate and urea, approaching 100. 

For chlorine the Excr.% varies somewhat but the figures are 
considerably lower than for the other substances. In the healthy 
animals the values lie between 27 and 47, in the nephritic animals 
between 32 and 77. 


Discussion. 

The figures from the normal periods show that, corresponding 
to the histologically demon.strated ne])hritic destruction of the 
tubules, the ability of the kidney to concentrate the urine in any 
considerable degree fail.s. Thi.s reduction in the reabsorption applies 
both to the excretion of water and to the dissolved substances. 

Thus the nephritis of the animals is predominantly tubular, 
but the relatively low figures for the filtration in the glomeruli 
express the fact that the glomeruli, at any rate functionally, are 
in some degree involved. 

This appears distinctly in the sulphate diuresis periods in which 
the glomeruli have not been able to meet the demand for an 
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increased filtration necessitated by the sulphate infusion. That 
the increase in the diuresis as a consequence of the sulphate ad- 
ministration is less in the nephritic than in the healthy animals 
must be due to this fact. 

But there, too, it is the conditions in the tubules which are of 
the greatest interest. The observed values for the urine-C.index: 
and for the water-Excr.% have here shown that, whereas it is 
possible to force the Iddneys of the healthy animals to send out 
up to 66 % of the glomerular filtrate as urine, in the nephritic 
animals the reabsorption of the fluid may correspondingly be 
reduced so much that right up to 97 % of the ghnieruhr filtrate, 
that is to say practically all the filtered amount of fluid, leaves the 
hidneys as urine. 

This virtually complete cessation of reabsorption in the tubules 
also marks the excretion of the dissolved substances sulphate, 
urea, and glucose. 

For the no-threshold substances sulphate and urea total excre- 
tion during the sulphate diuresis is already found in the healthy 
animals. It is true that the figures for the excretion % of these 
substances are higher in the nephritic animals and — at any rate 
in the case of sulphate — considerably over 100. 

According to the filtration-reabsorption theory it should be 
possible to interpret such liigh figures as an expression of a tubular 
excretion of the substances in question, but in this connection it 
must be kept in mind that the figures given for the excretion% 
factor are the result of calculations on the basis of 4 analyses and 
one measurement of the diuresis. Errors in analysis may here sum 
up, and especially with respect to sulphate the calculations must 
be uncertain as a result of the highly varying content of sulphate 
in the plasma during the experiments. 

With resjject to the threshold substances there still seems to be 
some active reabsorption of glucose in the healthy animals while 
it has ceased in the nephritic animals — and here too the figures 
for the glucose-Excr.% would seem to suggest a possible tubular 
excretion of this substance. 

For chlorine the facts are different. Eeabsorption of this sub- 
stance is maintained, apparently in a not inconsiderable degree. 

Even though, judging by the histological picture, an active 
process in the tubular cells would not seem to be probable, it turns 
out, nevertheless, that these tubular cells even if their reabsorp- 
tion of water has virtually stopped — are still able to reabsorb 
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about 25 % of the filtrated chlorine. If this is really the case it 
■will not be necessary to dismiss the possibihty that the tubular 
cells ■wmuld be able to carry out an excretion process under these 
circumstances. 

The chief result of the experiments may be summed up in the 
demonstration of the fact that a profuse sulphate diuresis may be 
produced "whether or not the tubules according to the histological 
picture must be regarded as capable of functioning, and that all 
the features characteristic of the sulphate diuresis in healthy 
animals are found again in the nephritic animals. 

This must be regarded as a considerable support for the theory 
adduced, that the fundamental element in the mechanism of the 
sulphate diuresis is in any case a failure of the tubular reab- 
sorption . 

As stated in the conclusion in the preceding paper in this series 
(ScHOU 1944, 2) it has been possible, by an explanation of the 
sulphate diuresis consistent "with the fdtration-reabsorption theory, 
to furnish confirmation of the universal validity of this theory of 
kidney function. 


Summary. 

In rabbits with chronic tubular nephritis produced experi- 
mentally by means of potassium bichromate a. m. Feandsen 
sulphate diuresis experiments have been performed according 
to the principles pre'vdously laid doAvn by the author (Schou, 
1943). 

In tliis "way very lo'w figures for the urine-C.index (down to 1.03) 
are obtained and correspondingly high figures for the Excr.% for 
water (up to 97 %) and for the dissolved substances here examined, 
namely sulphate, urea, and glucose, expressing a virtual cessation 
of the reabsorption in the tubules. 

For chlorine, however, the ability of reabsorption is in some 
degree retained. 

The features characteristic of the sulphate diuresis in healthy 
animals thus prove to apply also when the tubules are almost 
quite destroyed, which fact affords support for the theory that a 
failing tubular function is in any case the most important factor 
in the mechanism of the sulphate diuresis. 
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The profound researches of recent years on the subject of the 
intermediate metabolism of carbohydrates in the muscles have 
failed to clear up the mechanism of the effects of insulin. Several 
investigators, including LtosDSGAaed (1939), have advanced 
the opinion that the primary effect of insuhn is associated Tvith 
the passage of the glucose from the plasma and the extracellular 
fluid into the muscle cells. This passage is regarded as an "active” 
process in the sense that it is not a simple diffusion of free glucose. 
According to this view, the effect of insulin would be connected 
with li\dng intact muscle cells and the insulin effect has not yet 
been demonstrable in in vitro enzyme experiments either. Never- 
theless one carmot definitively preclude the possibility that 
insulin exerts its influence intracellularly by having a regulating 
effect on one of the intermediary stages in the conversion of 
glucose to glycogen. 

It is a familiar fact that the effect of insulin interferes mth the 
water and mineral salt balance of the muscles. Best knovm is the 
marked decrease in plasma phosphorus and potassium imder 
the effect of insulin. According to Gobi (1940) this effect is con- 
nected directly with the deposition of glycogen in the cells and 
it can be observed only when sufficient glucose is available to 
cause such a deposition. According to Gobi the deposition of 
glycogen causes a temporary accumulation of a salt solution, 

14 — J40099. Acta pliys. Scandinav. Vol. 7. 
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i. e. water ^Titll the ions which, occur in the muscle cells, first and 
foremost phosphates and potassium. In our experience at this 
institute, however, there seems to be no parallel between the 
effect obtained with insulin on the phosphate concentration in 
the plasma and the simultaneously obtained effect on the depo- 
sition of glycogen. Even under circumstances where no effect on 
the glycogen deposition is observable, one sees an effect on the 
phosphate concentration in the plasma. Finally, Lundsgaaud 
(1938) has pointed out that no effect is observable on the phos- 
phate concentration in the plasma when the deposition of glycogen 
in a muscle preparation is increased by raising the glucose con- 
centration in the blood, whereas the effect is to be seen when a 
correspondingly increased glycogen deposition is induced by the 
adding of insulin to the blood. Therefore it is possible that the 
effect on the phosphate concentration in the plasma is not a 
simple consequence of glycogen deposition, but that it is more 
directly connected with the primary effect of the insulin. 

By means of experiments with artificially perfused hind-limb 
preparations in which we employed radioactive (labelled) phos- 
phate we have made a study of the phosphate exchange between 
plasma and muscle tissue and the effect of insulin on this ex- 
change. 

The isolated hind-limb preparation must be regarded as a very 
suitable experimental object for testing the pure insulin effect. 
The supra-renals in this case are precluded from functioning, 
so that the results are not complicated by the compensatory 
adrenalin secretion which, according to CoRi (1911), causes an 
accumulation of hexose-monophosphates (Embden ester) in the 
musculature, as a link in the processes that endeavour to counter- 
act the insulin hjqioglykaemia. The preparation consists mainly 
of muscle; the osseous system is scarcely very effectively irrigated 
by artificial perfusion. By adding radio-active phosphate to the 
circulating blood in such preparations and by following the 
changes in the content of inorganic phosphate in the plasma and 
in the activity, it will therefore be possible to estimate the phos- 
phate exchange between plasma and muscle tissue. During the 
perfusion the radioactive phosphate will endeavour to distribute 
itself equally between plasma and musculature in proportion 
to their phosphorus content. Plasma is relatively poor in phos- 
phates, whereas the muscles are relative rich in them. Accordingly 
the activity of the plasma phosphates will decrease during the 



PHOSPHATE EXCHANGE BETWEEN BLOOD AND MUSCLE TISSUE. 211 

perfusion. This ^‘dilution effect^^, by which we understand the 
decrease in activity per milligramme plasma P (plasma specific 
activity), is a direct measure of the exchange of phosphate ions 
between plasma and muscle cells. The object of our experiments 
was to examine whether the rate of this exchange, as expressed 
in the “dilution effect”, is affected by insulin. At the same time 
we desired, by determining the absolute quantities of inorganic 
phosphates in plasma (and intercellular fluid), to arrive at an 
appraisal of the absolute quantities passing in unit time into the 
muscle cells, in order to compare these quantities ^vith the simul- 
taneously immigrated quantities of glucose. It should thereby be 
possible to decide whether there is any chance that the glucose 
migrates into the muscle cells in the form of hexose-phosphates 
formed by the glucose and phosphates of the plasma. 


Technique. 

Hind-limb preparations from normal cats are perfused artificially 
with about 250 ml .defibrinated cat blood; glucose, 5 mg/min., is added 
throughout the experiment. The technique otherwise is as described 
by Lundsgaard, Nielsen and 0kskov (1936). Kadioactive phos- 
phorus,^ about 100,000 — 200,000 Kick in all, with considerable activity 
per mg P, is added in the form of neutral inorganic phosphate at the 
beginning of the experimental period. Plasma from the blood samples 
is precipitated with trichloroacetic acid; determinations of inorganic 
phosphates are made on the filtrates. The labelled phosphorus was 
determined by means of a Geigek counting arrangement. The blood 
glucose concentration was followed by determinations according to 
Hagedorn and Norman Jensen. 

Before and after the addition of insulin (or adrenalin) a sample of 
muscle was taken from symmetrical places on the preparation by 
means of ligating and cutting the anterior tibial muscle. The muscle 
sample was thrown into liquid air, weighed, minced, tritmated and 
extracted with a solution of trichloroacetic acid. The filtrates were 
analysed for pre-fonned phosphates + phosphate liberated by 7 minu- 
tes hydrolysis with In HCI at 100° (P7), and phosphates freed by wet 
ashing (Pt). The content of radio-active phosphate Avas also determined. 
Insulin (“Scott” ins ulin dissolved in a minimum quantity of 0 . 1 nHCl) 
Avas added immediately after the second blood sample Avas taken. 
Adrenalin was added continously in some experiments. Neither insulin 
nor adrenalin was added in the control experiments. 


1 We Arish to exprc.ss our hearty thanks to Professor G. Hevesy for the radio- 
active phosphorus most kindly put at our disposal. 
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Results. 

It will be seen from Table 1 that there is no specific difference 
between tbe control experiments and the insi^n experiments 
in respect of tbe decrease in tbe specific activity of the plasma 
phosphate (dilution effect). This is also clear from the curves 
in fig, 1 showing the average values of the fall in the activity of 



Pig. 1. 

Decrease in labelled phosphorus in plasma from artificially perfused hind-limb 
preparations. 0 = experiments ■nithont insulin. X = experiments •with insulin. 
The stippled curve is theoretical and indicates the calculated decrease in labelled 
plasma-phosphorus if the rate of exchange of phosphonis ■were increased t'wo-fold. 
Ordinate: Units of Acti\'ity per mg P. 

Abscissa; Time, minutes. 


the plasma phosphate in control and insulin experiments. The 
stippled length of curve represents the course which should have 
been described by the insulin experiments if the rate of exchange 
had increased twofold after the addition of insulin. Thus the 
exchange of phosphate ions between plasma (and intercellular 
fluid) and the interior of the muscle cells is not affected by insulin. 
This is to be seen from the insulin experiments alone. In these 
experiments the fall in the specific activity in the first period 
prior to the addition of insulin averaged 22 % and in the two 
periods subsequent to the insulin 22 and 20.5 % respectively. 

Table 1 also shows the results of the determinations of inorganic 
phosphates in the plasma. The absolute quantities of phosphates 
migrating per period into the musculature can be calculated in 
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Table 1. 

Variations in the aotivity/mg P. and inorganic phosphates in plasma of the per- 
fusion blood in hind-limb preparations of cats — partly control preparations, 
partly preparations under the influence of insulin or adrenalin. The value of act./mg 
P for plasma are converted so that act./mg P for first plasma sample is equal 

to 1000. 


Esper. ]Sio. 

Plasma, Activity/mg P 

P, mg per 100 co plasma 

Min. 

between 

1- 

2. 

3. 


1. 

2. 

3. 

4. 

blood 

samples 

1. Control 

1000 

749 

572 

412 

5.79 

6.29 

6.39 


20 

2. » 

1000 

735 

640 

500 

6.77 

7.26 

7.27 



3. » 

1000 

707 

607 

528 

6.51 

6.SG 

6.89 


30 

4. » 

1000 

697 

636 

576 

8.2S 

9.14 


9.20 


5. » 

1000 

720 

560 

470 

9.75 

9.75 


9.20 

40 

6. » 

1000 

729 

571 

453 

7.40 



7.10 


7. Insulin 

1000 

815 


611 

8.CS 

9.20 

8.75 

7.90 

20 

l..i mg 
8. Insulin 

1000 

780 


526 

7.5S 

7.60 

7.93 

6.48 

■ 

1.7 mg 



■H 







9. Insulin 

1000 

CO 

00 

555 

490 

6.CS 

7.15 

6.89 

6.38 

— 

6.0 g 










10. Insulin 

1000 

649 

553 

394 

6.53 

7.20 

6.74 

5.80 

30 

3.0 mg 










11. Insulin 

1000 

830 

640 

420 

5.94 

0.95 

4.30 

2-55 

40 

1.4 mg 










12. Insulin 

1.0 mg 

1000 

1 

778 



580 

_! 

414 

6.10 

5.90 

4.02 

2.35 

— 

13. Adrenalin 




532 

6.91 

7.28 

7 28 

6.91 

30 

1 y/Min. 










14. Adrenalin 


662 

465 


KKiIlM 

8.66 


9.10 







560 


8.46 




15. Adrenalin 
3 y/Min. 

1000 

719 

588 

8.10 

8.30 

7.56 



tlie following manner. From the specific activity and the phos- 
phate concentration in the plasma the total activity per 100 ml 
plasma or intercellular fluid can be calculated at the beginning 
and close of each period. By this means we obtain an expression 
of the absolute decrease in the activity per 100 ml plasma in each 
period. Assuming that the phosphate which during a period has 
migrated into the muscle cells had an activity corresponding to 
the average acti\aty of the plasma phosphate in the period in 
question and the phosphate that has migrated out of the muscle 
cells had an actmty = 0, it is possible to calculate the immigrated 
quantity of phosphate in each period per 100 ml plasma (and 
intercellular fluid). The assumption that the phosphate moving 
out of the muscle cells has an activity ~ 0 is not fully satisfied. 
But o^ving to the very great absolute quantity of phosphate in 
the aggregate perfused musculature (about 500 g) only very low 
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specific activities can be reached in the muscle phosphate within 
the period of the experiment. This we have made additionally 
certain by means of direct determinations of the specific activity 
of the muscle phosphate in the muscle samples. In this case, 
however, we have merely determined the specific activity in the 
fraction of the muscle phosphate that comprises inorganic phos-, 
phate, creatine phosphoric acid and adenyl pyro-phosphate. 
In this fraction the specific activity does not get beyond Vz % 
of the activity in the plasma phosphate. Even if the inorganic 
phosphate in the musculature may have a rather’ higher activity 
than the average activity for the fraction tested, the actmty 
of the inorganic phosphate of the muscles must be so low that no 
serious error is committed by reckoning that the phosphate 
migrating from the muscles has an activity = 0. Previous investi- 
gations have shown that the active phosphate is very quickly 
built into the creatine phosphoric acid and the adenyl pyrophos- 
phoric acid (Hevesv and Hahn 1940). The analyses of the muscle 
samples otherwise gave results of no particular interest; we have 
therefore refrained from reproducing them in detail. 

The results of the calculation of the quantity of phosphate 
immigrated in the various experimental periods averaged as 
follows: 

1st period 2nd period 3rd period 

Control o.xpcriment-s . . . 2.0C 1.51 1.56 

Insnlin experiments .... 1.51 2.39 2.44 

The values are mg.P per 100 ml plasma. 

The increases of the phosphate immigration in the last two 
periods of the insulin experiments (after adding the insulin) is not 
accompanied by any intensified exchange of radioactive phos- 
phorus; therefore it may solely be attributed to the observed fall 
in the plasma content of inorganic phosphate. 

In numerous pre’vious experiments, in wliich a known quantity 
of glucose was added to the blood in the middle of the perfusion, 
it was possible to calculate the total quantity of plasma and 
extracellular fluid at between 300 and 400 ml. in the experimental 
arrangement employed. Thus the absolute quantities of phosphates 
migrating into the muscle cells should per period (of an average 
duration of 30 minutes) have been about 6 mg P under conditions 
where no insulin was added to the blood, and a maximum of 
10 mg P after the addition of insulin. The quantity of glucose 
assimilated per minute in the control experiments and in the 
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period iirior to the addition of the insulin amounts to about 5 mg 
per minute, or 150 mg per 30 minutes. In the formation of hexose- 
monophosphates 150 mg glucose combines with 27 mg P. Thus it 
should be possible definitelj’- to preclude that the glucose migrates 
into the muscle cells in the form of liexosephosphates formed 
from the phosphates of the plasma. After the addition of insulin 
about 10 mg P migrate into the muscles per period, as already 
stated. But after the insulin has been added the glucose assimila- 
tion amoxmts to about 300 mg per 30 minutes. Thus after the ad- 
dition of the insulin the disproportion between the immigrated 
quantity of phosphates and the quantity that should immigrate 
if the glucose were transported in the form of hexosephosphates, 
is still greater than before the insulin is added. 

In the four experiments in which adrenalin was continuously 
added to the blood during the last two periods, no definite effect 
was observed on the phosphate exchange between plasma and 
muscle any more than in the insulin experiments. 

Summary. 

By means of experiments on artificially perfused living hind- 
limb preparations of cats the authors investigated the phosphate 
exchange between plasma and muscular tissue. The addition 
of insulin produced the familiar reduction of plasma phosphate 
as an indication of an immigration of phosphate ions in the muscu- 
lature in excess of the emigration, but otherwise no alteration in 
the exchange of phosphate ions between plasma and muscles. 

Both before and after the addition of insulin the quantity of 
phosphate ion immigrating per time unit is so slight in proportion 
to the simultaneously assimilated quantity of glucose that a 
passage of the glucose into the muscle cells in the form of hexo- 
sephosphates formed from the inorganic phosphates of the plasma 
may be regarded as out of the question. 
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The experiments on colour reception in mammals, published in 
preceding volumes of this Journal, consisted in following after 
light adaptation the recovery of sensitivity in the dark by thres- 
hold measurements in different wave-lengths. Consequently a 
large material of observations on dark adaptation was accumula- 
ted in this work. I have now inspected this material from the 
specific points of ydew of dark adaptation and added to it some 
systematic series of observations completing it in certain respects. 
A brief report of these results follows. 

Of particular interest is that the guinea pig’s eye (Gbaxit, 
1942) is a pure rod eye which in the experiments on the cat’s 
retina (Graxit, 1943) was compared vdth an eye haydng a number 
of cones sufficient to cause a Purkinje shift in a large percentage 
of the elements under the electrode. There is no Purkinje shift 
in the guinea pig’s eye. This difference is due to the fact that the 
cat possesses a “carrier” of the Purkinje shift in the broad domi- 
nator band of sensitivity with maximum in 0.560/<, an element 
lacking in the guinea pig. 


Method. 

A single spike or a place giving a highly restricted discharge having 
been located by the microelectrode (inserted into the opened eye) 
the animal was hght-adapted to 2,400 m. c. for 10 min. and then allowed 
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to dark-adapt. In the colour work the course of dark adaptation was 
foUowed^ by measuring the threshold for the wave-length used as stan- 
dard calibration wave-Ien^h, generally 0.5 oo [.i, which is at the top of 
the visual purple absorption curve. From the point of view of dark 
adaptation the experiments on colour were often incomplete because 
of their relatively short duration. Many of them were interrupted, 
when dark adaptation proper set in, for the simple reason that this 
process always involved dominance of the photosensitive properties of 
visual purple and thus a source of error when regarded from the point 
of view of the experimental problems which at that time were in the 
centre of interest. 

In the new experiments that now were added white light instead of 
spectral light was used for following the decrease in the threshold during 
dark adaptation of long duration. 


Results. 

For quantitative work cats are better preparations than guinea 
pigs because they can be used as decerebrated animals with no 
more anaesthesia than is necessary for suppressing spontaneous 
eye movements (5 — 10 cc 20 % urethane). The guinea pigs received 
4 — 6 cc urethane and, as the final threshold is very much influ- 
enced by the degree of anaesthesia, this must be the explanation of 
the fact that the thresholds are pushed upwards and during dark 
adaptation decrease far less in guinea pigs than in cats. 

Some typical curves from the cat's eye are shown in fig. 1. The 
most striking fact is that dark adaptation runs a very different 
course in the three lowermost curves (2 — 1) referring to three 
different experiments mth white light. The uppermost curve (1), 
redrawn as a dashed line at the initial level of the others, was 
obtained by inserting an Ilford spectral red filter and maldng 
alternative threshold measurements for red light in the experi- 
ment in which curve 2 for white light in the same figure was mea- 
sured. The red light (curve 1) excludes significant participation 
of visual purple in the process of dark adaptation. Hence, just as 
first shown by Kohlr.ausch (1922) for the human eye, only the 
first phase of dark adaptation, the one commonly ascribed to 
cones, is present with this light. Curve 2 for white light, taken at 
the same occasion is seen not only to particqiate in this initial 
phase but also to possess a second delayed phase, dark-adaptation 
proper, bringing the threshold down to a level of sensitivity that 
only can be reached by elements activated by the highly photo- 
sensitive visual purple. The spectra of the discharge were not 
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1 and 2, from the sanie experiment ivith highly restricted discharge, 1 wth 
red filter inserted in the light beam. 

3 and 4, two different experiments on dark-adaptation of single spike. 


measured in this particular case, neither before nor after dark- 
adaptation but the colour work has shottm very definitely that the 
delayed phase of dark adaptation always signifies that the spectral 
properties of visual purple become dominant. 

The small initial drop of the threshold that is followed by a 
period of delay before dark adaptation proper sets in is not seen 
in all elements. Some of them, sample curve 3, show an imme- 
diate and continuous drop of threshold ending in the asymptote 
common for all curves. The remaining curve 4 illustrates a not 
uncommon step-like drop of the threshold. In this case it lasts 
about 10 min. before dark adaptation proper sets in. 

Inspection of the material obtained in the colour work ^vith the 
guinea pig shows that in this pure rod eye curves of different type 
also were obtained. From the point of view of a strict duplicity 
theory it would have seemed reasonable to expect only smoothly 
and rapidly dark-adapting elements such as 3 of fig. 1 in this eye 
and, above all, no period of delay. However, this is not the case. 
A period of delay before dark adaptation proper is seen every 
now and then in this eye too despite the absence of dominator 
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and Purkinje sMft. Elements of this type can hardly in the cone- 
free guinea pig eye have been cones but must be some kind of 
cone-like rods. The curves from the ej’-e of the guinea pig v-ere 
just as complicated as those from the cat’s eye, even though 
perhaps the majority could be said to be of the simple type illus- 
trated by 3 in fig. 1. 

Comment. 

It is out of the question to explain all the different curves for 
dark adaptation of individual elements by equally many differ- 
ences in the adaptive process. Pressure by the micro-electrode 
might be considered, but the curves 2 — 4 of fig. 1 all reach much 
the same final level of sensitivity and 2 illustrates an element still 
active at maximal sensitivitj’ after more than an hour. Without 
excluding pressure by the micro-electrode as a source of error in 
some experiments it is permissible in view of such results as those 
presented in fig. 1 to exclude an artefact of this nature in many if 
not in most experiments. 

All results can be very simply explained by assuming two kinds 
of receptors: (i) Real rods and (ii) Cones and cone-like rods, 
(i) The real rods dark-adapt along a smooth curve beginning with- 
out any period of delay as exemplified by 3 in fig. 1. (ii) The cones 
and the cone-like rods adapt quickly to a semi-stationary level 
representing a relatively high threshold in the dark, as shown by 
curve 1 for red light in fig, 1. 

In fig. 2 cone-like rods are illustrated as schematic cones, real 
rods as rods without thereby hypothecating anything regarding dif- 
ferences in form between them. 

The difference is probably wholly 
on the photochemical plane. It 
can be seen in fig. 2 that owng 
to the convergence of several 
receptors towards the same fibre 
in the optic nerve (the one from 
which the micro-electrode re- 
cords) real rods may be combined Fig. 2. See tc.xt. 

with cones and cone-like rods in 

different proportion. In a combination of type 3 real rods alone 
contribute to the element recorded from and consequently a 
smooth curve of type 3 in fig. 1 is obtained. In a combination of 
type 1 the cone-hke rod (or cone) will first display its own adaptive 
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properties. But after regeneration of a sufficient amount of visual 
purple in tlie real rods, i. e., after a period of delay, they have 
recovered enough to determine the thresholds during the later 
phase of dark-adaptation, above called dark-adaptation proper. 
Again, with a great number of cones or cone-like rods and few 
real rods coupled to the fibre recorded from it may last very long 
before the latter can make their influence felt in threshold measure- 
ments. 

A combination of type 2 has been drawn to illustrate that con- 
vergence also may be brought about by horizontal connexions 
such as horizontal cells and amacrines. , 

These are not the only experiments which make it necessary 
to assume the existence of intermediate forms between rods and 
cones. The work on colour reception in the same animals (Granit, 
1942, 1943) has necessitated the same assumption. 

Explanation of the different curves on the idea of convergence 
of a variable number of receptors of two different types presup- 
poses that it can be shown that there is summation of individual 
converging receptors upon the same fibre in the optic nerve. 
This has been shown directly by Hartline (1940) with the frog’s 
eye. 

Summary. 

Dark-adaptation has been followed in cats and guinea pigs by 
measuring the absolute tlireshold of single or highly restricted 
discharges, isolated vdth micro-electrodes. 

The curves obtained are of different types, as illustrated in 
fig. 1. 

The different adaptation curves can be explained by the as- 
sumption that there are two kinds of rods converging in different 
proportion towards the same fibre in the optic nerve, (i) real rods 
and (ii) cone-like rods with adaptive properties similar to those of 
cones. 
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The antagoniijtic effects of potassium and calcium on the frog’s 
liearc muscle have been studied repeatedly and appear well known, 
but opinion-s regarding their points of attack seem to be unsettled 
and vague. Until recentl^y it was generally assumed that li^dng 
animal cells were impermeable to kutions. This assumption was 
supported by the well knoAvn fact of a ver}' high potassuim con- 
centration inside cells (including the heart muscle) and would 
involve as a necessary corollary that the effects studied must be 
surface effcct.s. On the other hand several authors, who personally 
worked with the heart, appear to assume by implication or expli- 
citly that an exchange takes place between the interior of the cells 
and the bathing fluid. Thus Boehm (1914), who made a very 
elaborate and careful study of the behaviour of the frog’s heart, 
exposed to salt solution.s, emphasized the fact that a heart brought 
to a standstill b}' perfusion vitli sodium salt will recover when left 
to itself with a small volume of the solution, and showed by ana- 
lysis that such a heart would give off Ca to the bathing fluid. B. 
Kiscn (1926) states expressly, but •ivithout’ definite evidence, that 
the K effects on the muscle cells, as distinct from the effects on 
the stimulus formation, do not depend on a concentration gra- 
dient, but on the potassium concentration within the cells. 
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The recent demonstration hy means of radioactive isotopes 
(Hevesy et al.) that monovalent kations do exchange across 
cell surfaces makes it worth while to utilize the frog’s heart for a 
quantitative study of the exchange in which the results of chemi- 
cal analysis can be correlated vdth the effects on the heart con- 
tractility. 

We found it necessary to work on large specimens of frogs 
(R. esc. weighing at least 70 g) and as these could be obtained in 
very limited numbers only, we supplemented the supply with a 
few large specimens of toads (Bufo vulgaris). 

We are greatly indebted to Mr. Arne Larsen, M. A. of the 
State School, Ronne and to Dr. H. V. Bronsted, head of the 
State School, Birkerod, who supplied us with animals. In spite 
of the help thus freely given we have had to tliink twice before 
sacrificing each animal. 

The hearts were made to work with small known volumes of 
suitable solutions which could be analysed for K"^, Ca++ and 
total kations, and the general arrangement was that described by 
Marie Krogh (1926) or modified from it for the special pmrposes 
of the present investigation. 


Details of Experimental Method. 

The frog is pithed and a special silver cannula introduced into the 
ventricle through the bulbus cordis. The heart is completely removed 
from the frog, suspended below the resertmir (Fig. 1, 1) and carefully 
washed with Ringer, When blood-free it is enclosed in the chamber (2) 
connected with a Marey tambour which records the contractions on a 
smoked kymograph surface moving at the rate of 1 cm/min. For experi- 
ments of short duration or requiring a very small volume of fluid this 
simple device is utilized, but because the hearts suspended in this 
fashion are never tight the modification shown in fig. 2 was designed 
to pump the fluid leaking out back into the reservoir. In bott modi- 
fications pro^dsion is also made to apply air pressure to the outside of 
the heart and take out practically the whole of the fluid contained at 
the end of an experimental period. 

During each period the screw clip (3) is adjusted so as to maintain 
a nearly constant level of fluid in the chamber. When a period is to 
be closed the tap (4) is turned so as to connect with the signal instead 
of the reservoir. A clip is placed at (5) and pressure up to 1 m water is 
applied to the heart. The moment of compressing the heart is marked 
on the kymograph. In app. I fluid is emptied out from (1) by means of 
a pipette, in II the clip (7) is opened and fluid allowed to run out slowly 
into a sampling vessel. 
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I’inally the clip (5) is opened, the fluid from the chamber blown off 
and collected with the rest. Tap (6) is turned to connect the chamber (2) 
with the atmosphere. 

A known volume of fresh solution is now poured in and the moment 
marked. The taps (4 and 6) are turned back to connect the heart cham- 
ber with the kymograph and cut it off from the atmosphere. The 
clip (3) is adjusted. 

In cases where changes are made abruptly from one fluid to another 
of very different composition it is important to have a fairly accurate 
knowledge of the amount of fluid left over from one experimental 
period to the next, and this “dead space” was often determined. It is 
made up of 1) the fluid adhering to the glass walls of the apparatus 
2) the fluid contained in the tube (8 fig. 2) and the cannula and 3) the 
fluid in the heart which is after compression mainly held in the extra- 
cellular spaces of the muscle proper. 
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It is important to remember that the heart has no blood vessels, but 
the meshwork of muscle fibres is sufficiently open to give easy and im- 
mediate access of the fluid contained to the surface of all the cells. 

In routine determinations the quantities 1 and 2 can be kept nearly 
constant, while 3 is subject to variations depending upon the state of 
the heart. Determinations •were made by adding to certain of the fluids 
used to feed the heart either sugar or sodium thiocyanate. In a single 
experiment saccharose 'w'as used, but it -wms found that added glucose 
■was utilized to such slight extent by the heart that it could be safelv 
used for these dead space determinations. Thiocyanate was generally 
preferred. When changes were made from a fluid containing one of 
these test substances to a known volume of a solution free from it 
analysis of both solutions gives a good determination of the degree of 
admixture. 

After an experiment the heart is usually weighed, dried and ignited. 
The ash is weighed, dissolved and several determinations of ionic con- 
stituents made. In most cases these constituents are farther distribu- 
ted on the extracellular and the intracellular solutions, taking the first 
to be identical with the bathing fluid in the final experimental period. 

Tlie normal procedure is as follows. The heart is removed from the 
cannula, the bulbus cordis "with the ligature cut off and the ventricle 
opened by one cut with a pair of scissors. The heart is then pressed 
lightly with filter paper and weighed in a small weighing bottle. O.200 ml 
of the Kinger solution with which it is assumed to be in equilibrium, 
but containing a test substance to determine the extracellular volume, 
is added. As test substances we have employed sodium thiocyanate, 
saccharose, glucose or radio sodium. The latter substance has the de- 
cided advantage that it can be determined both before and after igni- 
tion, thereby providing a valuable control. There is reason to believe, 
however, that some exchange with the muscle cells ■will take place mth 
all these substances except perhaps thiocyanate. After 10 minutes’ 
gentle agitation the heart is transferred to a platinum boat and again 
weighed. The second weighing is in the case of the toad heart usually 
up to 30 mg lower than the first, and it is assumed that the difference 
is extracellular fluid squeezed out from the heart by the contraction 
induced. The differences observed on Kana hearts were q'uite small. 
The preparation is now dried to constant weight at 105°, weighed and 
ignited as described in the preceding paper (Krogh 1943). The ash 
weighed to O.o i mg is dissolved in 1 ml normal HCl. The boat is placed 
in a small quartz test tube and kept^vith the HCl for several hours at 
about 65°. This treatment is necessary to dissolve the whole of the 
calcium present in the ash, and when it is carried out in glass significant 
amounts of alkali may go into solution. The solution is made up to 
4 ml with water and usually determinations of K, Ca and total kations 
carried out on suitable aliquot parts. "When radio sodium was used for 
determination of extracellular fluid this is again determined on the ash 
solution. The agreement has been very satisfactory showing the same 
change in extracellular fluid as had been found by weighing. 

In a few cases phosphoric acid was determined and in a few others 
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the hearts were used whole for chlorine determinations according to 
Eehberg. a few determinations of Ca, K and total kations were made 
on blood of frogs and toads. 


Analytical Procedures. 

Potassium is determined mainly as described in the preceding paper 
by A. Krogh (194:3), but with the following alterations. It was found 
that in solutions containing only K, Na, Ca, Cl and HCO3 the ignition 
could be omitted when they had been in contact with the heart for a 
couple of hours or less, while solutions containing sugar or thiocyanate 
must always be ignited. Colorimetric tests showed that the colour of 
iodoplatinate develops much more slowly than formerly supposed and 
is in our solutions safely complete only after 5 hours at 38—10° or 10 
hours at room temperature. At the high tp. platinum may begin to 
appear a few hours later, so that on the whole it is safer to leave the 
samples at room tp. and titrate the next morning. "With this precaution 
results have been definitely improved and are usually reliable within 
2 %. Total kations, glucose, saccharose and thiocyanate are determined 
as before. 

Calcimn is determined according to Sobel and Sobel (1939) with 
shght modifications. The calcium is precipitated as oxalate, washed in 
a centrifuge tube with ammonium oxalate, converted in an electric 
oven at 430° C into carbonate, dissolved in hot boric acid, diluted and 
titrated with HCl to the pH of boric acid. The accuracy is about Vs % 
when 1 ml 1 raiM solutions are determined. Phosphate is determined 
according to the method of Lohaiann and Jendrassik as described by 
Kjerulf-Jensen (1942). 

In the following all concentrations are given in millimolarity (mlM) 
and quantities in microequivalents (jf<E). 1 /^E of Na and E is O.ooi 
millimole, but of Ca only O .0005 millimole. 


The Inorganic Constituents of Blood .and Hearts. 

About the middle of June we made analyses of the serum from 
two frogs and two toads, all recently caught, with the following 
results in millimolarity. 


Rana Bnfo 

Weight g 70 72 76 60 

E 3.5 3.2 5.1 5.75 

Ca 2.9 2.S 2.4 2.5 

Kations 138 134 115 124 


Analyses "were again made in December on the mixed serum 
from two frogs caught in September. They showed a lower K 
concentration 2.0, Ca 2.5 and kations 126. 

15 — ii0099. Aciavliys. Scandinav. T'oZ. 7. 
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The concentrations of K and Ca are definitely higher than those 
generally used in experimental solutions, but the experiments 
have shown that the differences are of no consequence for our 
purposes, and it wms decided to stick to the Ringer solution 
employed from the start. 

The general results of about 20 analyses of hearts from frogs 
and toads are as follows. The hearts of animals weighing from 60 
to 110 g show weights ranging from 150 to 380 mg, and the corre- 
lation between body size and heart weight is not very pronounced. 
The frogs with an average weight of 72 g showed an average heart 
weight of 180 mg or 0.25 % and 6 toads weighing on an average 
85 g had a heart weight of 270 mg or 0.32 %. The dry substance of 
the hearts varied from 12 to 17 % w'ith an average of 14.7 % and 
the ash from 0.9 to 1.1 % vdth an average of 1 %. In the routine 
analyses K+, Ca+ and total kations are determined. On 4 hearts 
special determinations of Cl“ were made as follows. 

The heart from one frog and one toad were treated with the 
ordinary Ringer, the other two with a corresponding nitrate solu- 
tion renewed twice; all were directly dissolved in nitric acid with 
silver nitrate and the chlorine determined according to Rehberg. 
The results were: 


i 


1 

Heart 

mg 

Water ; p, 

„E 

mg 

Extracellular Intraccllnlar 

Water! 
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fr 
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. , 233 
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49 

0.8i 0.04 i 147 

2.69 

18 

B 60 

fr 

O 

. , 151 

127 , 7.55 

32 : 

127 4.06 ; 95 

3.49 

37 


The values for the weight of the heart, the total Cl and the Cl 
concentrations in the extracellular fluid are directly determined, 
the others are calculated, assuming average values for the amount 
of dry substance and the extracellular volume of such hearts. The 
final results are uncertain therefore, but the existence of chlorine 
inside the cells cannot be doubted, and it is at least very probable 
that some Cl was removed from the cells by the nitrate treatment. 

On some other hearts phosphate was determined along with the 
kations and the concentration found to be some 10 % lower 
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than that of potassium, and from all the determinations com- 
hined the approximate weight of the ash can be figured out as 
a check on the determinations and is found to agree within about 
10 % of the actual. This check is of some importance, because 
the results of the analyses are rather startling and require all the 
support they can obtain. 

It is a necessary consequence of the free permeability of the 
cells for water and the absence of any mechanically resistant 
cell wall that the osmotic concentrations inside and outside the 
cells must always be the same. In the extracellular space the osmo- 
tic concentration is made up practically exclusively of the ions 
of the Ringer solution and amounts to about 130 mM kations and 
an equal concentration of anions. Inside the cells part of the pres- 
sure may be made up of organic substances and the concentrations 
of ions ina}" be lower than outside, but not higher. 

When liowever tlie total kations found in a heart by analysis 
are calculated as dissolved in the water content determined the 
concentration invariable becomes higher than 130 mM and lies 
generally between 150 and 170 mM, rising occasional!)’- even to 
200 mM, while the actual amounts vary according to the size and 
water content of the hearts between 18.4 and 49.6 /tE. 

This must moan that only a certain proportion of the ions are 
free to exert an osmotic pressure, while the rest are firmly bound in 
some way. 

The water of the heart is partly extracellular, partly intracellu- 
lar. In the extracellular fluid, which in these experiments is a 
Ringer solution, all the ions are known to be free and the apparent 
kation concentration must be even higher for the intracellular 
solution. In a number of our determinations we have endeavoured 
to distinguish between the two solutions by adding, as described 
above, a known amount of a test substance which should become 
distributed in the extracellular solution only. AVe have no proof 
that the test substances employed viz. thiocyanate, glucose and 
-^jSTa cannot penetrate into the cells; in fact we laiow that the two 
latter will do so, even if slowly, and we have no proof further 
that they become evenly distributed in the whole of the extra- 
cellular Ruid in the course of the 10 to 15 minutes allowed; but 
when using two test substances together we have obtained sub- 
stantially the same result for both and when taking consecutive 
samples of the fluid bathing the heart muscle we have found it 
to become practically constant -tnth regard to the test substance 
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after about 5 minutes, but on the other hand we have found the 
extracellular fluid to vary considerably in amoimt from one heart 
to another viz. between 12 and 40 % of the total with an average 
of 28 % (10 hearts). 

When the extracellular kations, calculated from the volume 
of extracellular solution and its composition, are subtracted from 
the total and the rest taken to be dissolved in the intracellular 
water the apparent cCncentration is further raised to values bet- 
ween 155 and 240 mM. 

The potassium quantities found in the hearts show variations in 
relation to the size between 8 and 20 //E, and the concentration 
calculated for the heart as a whole varies only between 50 and 80 
inM w’ith an average of 62 ± 3-4 (8 determinations). Almost the 
whole of the potassium is intracellular and the calculated intra- 
cellular concentration is on an average 82 mi\I :4: 6,2. The fact that 
the error on the average is increased does not inspire confidence 
in the determinations of the extracellular fluid volume. 

The calcium content of the hearts is much smaller, but extre- 
mely variable, namely from 0,7 /<E in a heart of 145 mg to 2.3 G /<E 
in another of 261 mg. The calcium in the extracellular fluid is 
always a very small quantity, and the intracellular calcium is 
possibly or perhaps probably chemically bound to tissue elements. 
Calculated as free calcium ions the concentrations would vary 
from 3 — 7 mi\I. 

In the kation determinations the possible small quantity of 
magnesium present does not enter, and the differences between 
total kations as determined and (El -{- 2 Ca) is therefore sodium 
which makes up from about 1/2 to 2/3 of the total within the cells. 

It follows from the above that either potassium or sodium or 
both must be 'partly combined in such a way as not to exert any 
osmotic pressure. Hevesy and Hahx (1941, a, b) have shown that 
Avhen tissue cells (muscle, heart, liver, brain, red corpuscles) are 
exposed to an extracellular fluid containing ■*-!£, but otherwise 
normal, a fairly raj)id exchange takes place, but remains incom- 
plete, involving less than ^/« of the total potassium. Experiments 
carmot be prolonged indefinitely because of the rapid deteriora- 
tion of ‘*-K (half life 13.5 h) but there is no doubt that more than 
half the potassium exchanges much more slowly than the rest, 
if it exchanges at all. In the working muscles of swimming rats the 
exchange is speeded tip, but the equilibrium reached remains the 
same. 
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We have made one corresponding experiment on a frog’s heart 
and were prevented from doing more, when the Institute for 
Theoretical Physics was suddenly seized by the Germans. The 
experiment was carried out as follows. At 12®® the heart was sup- 
plied with 6.2 ml Einger with 3.0 niM K of which 11.4 registered 
256 kicks/m. 10 minutes later the activity had dropped to 224, 
at 13®® it was 176 and from 14” onwards to 18” it remained con- 
stant at 164. The heart was dried and ashed, but the ash unfor- 
tunately lost. On the basis of the many determinations made the 
total ash w^as estimate 1 at 2..3 mg with 12 /;E potassium. 

The initial activity determined corresponded for 6.2 ml nith 
3.17 mM K to 19.65 pE with 139 500 kicks/m or 7 100 kicks//<E/m. 
During the period 0.1 ml corresponding to 0.3 //E and about 
2 000 kicks were removed in samples. 

At the end the concentration had dropped to 2.85 /^E or a 
total of 17.4 //E vdth 88 000 kicks or 5 050//fE/m. 

The difference between 137 500 and 88 000 = 49 500 must have 
entered the heart and corresponds to 9.8 /fE. 

The bathing fluid has lost 19.65 — 0.3 — 17.4 = 1.65 ,«E to 
the heart and the rest about 8.1 must have been exchanged. This 
is about 2/3 of the total quantity estimated. So far as it goes this 
estimate points to a fraction of the potassium as being combined 
in such a way as not to exchange readily and not e.vertmg any 
osmotic pressure. 


AMien a frog's heart is exposed for a few hours to a potassium 
free salt solution potassium is eliminated from the muscle cells 
and is replaced by sodium, but the concentration of K in the 
bathing fluid can be increased considerably (ujd to 6 inM) without 
any, but the slightest effect on the muscle cells in the heart. 
This is well illustrated by the following analyses of 4 hearts: 
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The composition of the solution with which the hearts were, 
at least approximately, in equilibrium, is given in the last 3 co- 
lumns. It is seen that the effect of a low potassium concentration 
is very pronounced while that of a very high is doubtful. No effect 
is noticeable on the calcium content of the hearts. It is evident 
from the kation figures that the potassium lost by the heart in 
NaCl was fully replaced by sodium. 

The Reversible Exchange of Potassium and Calcium 
between the Heart and the Bathing Fluid. 

It is possible not only to remove potassium (and calcium) 
from a heart to a batliing fluid with a low concentration of these 
constituents, but the process is reversible, and the ions are ab- 
sorbed again from normal or more concentrated Ringer solution. 
The first heart in the table above was treated during 4.5 hours 
in all with an isotonic solution of NaCl -j- NaHCOj, renewed 5 
times. It lost per minute at first 0.074 //E and finally 0.004 
^E, or 7.4 //E in all. The calcium loss recorded was 1.0 //E, but 
in spite of this the analysis of the heart at the end showed a nor- 
mal Ca content. 

In another experiment of this type a heart (E. esc. 70 g) was 
treated from 12="’ to 18="’ "with 4 changes of 10 ml sodium solution. 
The concentrations found were: 

K mil Ca mil 


13 ^*’ 0.48 O.OGT 

14 =® 0.46 0 . 02-1 

16 *‘ 0.26 0.046 

18 ='" 0.18 0 . 01 .‘! 


This corresponds to a total loss of about 11 /«E K and 3.0 /lE 
Ca. During the period the acthdty of the heart diminished very 
gradually and finally stopped altogether. This heart was then 
washed tvdce with normal Ringer and treated with the same for 
6 hours. The washing caused an initial strong contracture, and 
later a very slight recovery of the activity was noted. Only a small 
reabsorption of R and Ca (less than 2 /fE K and less than 1 Ca) 
could be found by the analyses. The heart evidently was too far 
gone. 

In a third experiment a heart beating vigourously under normal 
Ringer was given NaCl -j- NaHCOs 0.1 Ca for 47 minutes and 
lost 4 /<E K"*" or 0.085/min. During the next period with normal 
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Einger + 100 mg % glucose ifc absorbed 2.8 or 0.043/mm. 
Under NaCl + NaHCOo alone -without Ca and glucose it lost 
4.3 fiE or 0.083/min.- Again under Einger -with glucose it absorbed 
3.2 fiE, 0.053/min. Washed out for the third time -with NaCl + 
-h NallCOs it lost 2.7 ^/E, 0.044/min. Exposed next to a concen- 
trated Einger with 4.5 mM K instead of 1.5, but without glucose 
it absorbed 2.0 ^aE, 0.042/min. and finally under normal Einger 
■with glucose 2.3 //E, 0.038/min. The net loss calculated was 
0.7 ^j/E and it is seen that the rate of loss or absorption is not 
%dsibly affected by the presence or absence of glucose or calcium 
nor by an increase of K+ in the bathing fluid to thrice the nor m al 
value. During the whole experiment the activity of the heart was 
scarcely affected. 

When potassium is given off to a solution an eq[uivalent amount 
of sodium (so far as can be judged) enters the cells, and both these 
processes take place in accordance -with the concentration gra- 
dients, but when potassium is absorbed back into the cells the ion 
movements are directed against the concentration gradients. 
To avoid misunderstanding it is necessary to emphasize that the 
movements of ions both passive and active are, of course, not 
confined to the conditions in which their resultant is of a measur- 
able size, but take place all the time at a rate which can only be 
measured by means of radioactive isotopes. 

E limin ations and reabsorptions of calcium take place also when 
calcium concen-trations in the bathing fluid are lowered and raised, 
but to a much smaller extent, corresponding to the small quantity 
of calcium present in the heart. The results with calcium are much 
less regular than -with potassium and there is often a net gain or 
loss which we cannot explain. We give as an example the experi- 
ment of June 16 made on a toad of 98 g. The dead space in this 
experiment was imusually large and variable, because the atria 
retained a variable amount of fluid. It was however determined 
at each change from one solution to another. 

After being bathed -with Einger for about an hour the heart was 
given Ca free Einger and lost in 18 minutes 0.32 ^iE. In three 
consecutive periods -with normal Einger lasting 7, 12 and 60 
minutes it took up in the first two respectively 0.16 and 0.76 fiE, 
but lost in the last 0.28. Again in calcium free Einger it lost 0.42 
/fE during 18 minutes which it failed to regain during 1 hour in 
Einger — while it lost finally 0.90 ^uE during 17 minutes in the 
calcium free solution. The net loss amounted to 1.0 /j,E. 
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Nothing can be said about the gradient, because the calcium 
in the heart may not be in solution at all, but may be chemically 
bound to organic cell constituents. 

When a heart is treated repeatedly and for several hours with 
Ca free solutions the loss gradually diminishes and some Ca is 
evidently very firmly held in the heart muscle. 

The Activity of the Heart in Relation to the Composition 
of the Bathing Fluid and the Rate of Exchange 
with the Muscle Cells. 

The problem to be discussed here is limited to the dependence 
of the ventricle contractions and tonus on the calcium and potas- 
sium ions as directly observed and shovm in the curves obtained. 

When the absolute and relative concentrations of these two ions 
in the bathing fluid are varied within certain limits the behaviour 
of the heart remains normal, and the exchanges taking place 
between the heart muscle and the fluid are generally small, hut 
when concentrations are varied beyond these limits the con- 
tractility and tonus become altered and definite ion exchanges 
take place between the fluid and the cells. We have mainly stu- 
died the changes due to reduced concentrations. 

When the bathing fluid is changed from complete Binger to 
3 — 10 ml of a solution of sodium alone the ventricle beat is either 
reduced to a minimum of less than 1/10 its former volume or stops 
altogether within a fraction of a minute. The rhythm is usually 
reduced, but may be maintained. The process of recovery begins 
almost at once, and wdth a fluid volume of 6 ml may reach a con- 
stant level in less than 10 minutes, but may also take longer, and 
during this period both K and Ca are given off from the heart to 
the bathing fluid. When the sodium solution is renewed the pro- 
cess is repeated and the recovery usually takes longer, but at the 
next repetition the contractions may become vigourous almost 
at once, but with a slow and usually irregular rhythm. At this 
point the concentrations of K and Ca are well below 0.05 and 
0.005 mM respectively but rise again, in one case to 0.26 and 
0.046. When the process of washing out is continued in this way, 
say every hour, both the amplitude and the rhythm are gradually 
reduced to 0 and in the single case in which we brought a heart 
to this point of exhaustion we found that it would not recover 
when supplied with Ringer. 
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When at any stage during the sodium treatment, except per- 
haps the very first, the solution is replaced by Einger or even 
Einger vrith a double K content the first effect is a calcium con- 
tracture which only gradually relaxes. This fact, was strongly 
emphasized by BoEHir. 

A heart exposed to a potassium free solution containing the 
normal concentration of calcium may beat normally for one or 
two minutes and then become slow and somewhat irregular. 
When the solution is renewed the irregularity increases, and we 
have observed a tendency for large beats at a slow rate appearing 
in groups, separated by pauses of increasing length up to many 
minutes before the heart finally stopped beating altogether. When 
the solution was replaced by complete Einger single large beats 
appeared after a minute and the heart required several minutes 
to become approximately normal. 

The reactions to changes in calcium concentrations are much 
more abrupt. When the heart is supplied with calcium free Einger 
there is usually an immediate drop in amplitude wliich in some 
cases recovers somewhat during 1 — 2 minutes and then dwindles 
again almost to zero in a few minutes more. In other cases the 
contractions become minimal at once and remain so. IWien the 
heart is brought back into normal Einger the beats are normal 
from the start, which is almost immediate. 

From the observations here briefly recorded it is concluded that 
1) the action of K and Ca on the contractility is mainly located in 
cell surfaces, 2) that both ions can be to a certain extent replaced 
from the interior of the muscle cells as well as from the bathing 
fluid, 3) that replacement from the cells is a fairly rapid process in 
the case of potassium, but much slower in the case of calcium, 
while the replacement from outside is practically instantaneous 
in the case of calcium and is retarded in the case of potassium, 
because the ions pass on into the cells. 

The conception was formed that the action depends on a cer- 
tain fraction of the ions held adsorbed or otherwise combined in 
the cell surface, and it was decided to attempt a determination 
of the quantities so combined in the case of calcium where the 
relatively^ slow exchange with the interior should make it pos- 
sible. The possibility was further considered that calcium and po- 
tassium might be combined to the same active surface points, in 
which case it might be possible to drive out calcium by a surplus 
of potassium. 
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In these experiments the simple arrangement I was employed 
with just so much fluid as would be required for the analyses. 
From this a sample could be taken wth a pipette and just after- 
wards the concentration of Ca or K altered by adding 0,1 ml of 
a fairly concentrated solution %vith a syringe. The contractions 
could be observed and recorded all the time and a final sample 
taken after 1 — 2 minutes. The action on the contractions was al- 
ways immediate, but the analyses failed to show that any measur- 
able quantity of Ca would enter into combination or be driven 
out into the solution during the experimental period. 

We reproduce a few periods from a t)q)ical experiment. 1. The 
heart of a E.esc. was beating weakly (0.02/50) in a fluid containing 
0. 3 mM K with no calcium added. A sample taken showed a content 
of 0.03 mM Ca. The 3.5 ml fluid left in the apparatus contained 
therefore 0.21 //E. To this was added 0.1 ml isotonic fluid contain- 
ing 1.35 /lE Ca. The contractions were immediately increased and 
became constant at about (0.1/40) after 0.2 minute. The calcium 
found after 1.5 min. showed a concentration of 0.211 mM or 
1.52 ^E in all — a deficit of 0.04 /<E. The next period, which was 
exactly similar, showed a surplus of 0.02 //E. 

Later in the same experiment the heart was working regularly 
on a Ringer solution containing 0.3 mM K and 0,2 mM Ca (0.22/30). 

The analysis showed a Ca content of 0.141 mM or 0.988 f/R for 
the 3.5 ml solution. To this was added 0.1 ml of a solution con- 
taining 49.5 niM K and 0.2 mM Ca raising the K concentration in 
the apparatus to 1.67 mM and leaving the Ca practically unahered. 
The contractions were immediately reduced to the vanishing point, 
and the analyses after 1.3 min. showed a calcium deficit of 0.08 
/<E. The potassium added failed to liberate any calcium. 

These results do not show that the active ions cannot be in com- 
bination at certain points in the cell surfaces, but they do show 
that the quantities which may be so combined are too small to 
be estimated or even detected by our analyses. 

In a very important paper, published in 1941, but only recently 
come to our notice, Boyle and Conway studied the equilibrium 
between frog’s sartorii and immersing solutions varied in different 
ways. They are able to describe quantitatively by theoretical 
equations the changes in composition and quantity of the intra- 
cellular fluid phase, brought about by varying the potassium con- 
tent and total concentration of the immersing fluid which is pre- 
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sent in sucli large excess that its composition could be considered 
constant throughout. The necessary assumptions, verified by the 
experiments when the extracellular potassium concentration is 
above a certain limit, are that the fibre surface is impermeable 
to the sodium of the immersing solution and to a high concen- 
tration of complex anions, mainly phosphoric esters, found inside 
the fibres, while it is permeable to the smaller ions of K"*" and Cl~. 

It is shown both theoretically and experimentally that the volu- 
me of immersed sartorii remains practically constant with 
additions of KCl up to 300 mil, when the sodium concentration 
is kept constant, while the intracellular K concentration is in- 
creased and always remained higher than the extracellular. When 
on the other hand the total external concentration is kept con- 
stant and K substituted progressively for Na up to 100 niM the 
muscle swells, K is accumulated, but the concentration remains 
constant and is always above the external. 

In ordinary llinger and at all Iv concentrations below 10 mM 
at 2° C and below 29 mi\I at room temperature the muscle loses 
potassium and .sodium enters. The authors give good reasons for 
the assumption that this behaviour is due to unphysiological condi- 
tions, and that the lintit for the impermeability to sodium lies 
much lower in the living organism. On the other hand it seems 
doubtful that the muscles could retain their contractility in the 
more concentrated solutions employed.* In a paper to be published 
shortly by Holm-,Tensen, Ivrogh and Wartiovaara it vdll be 
shown that the protoplasmic membrane inclosing the sap in the 
cells of the alga Tolypellopsis remains almost impermeable to 
-^Jsa after treatment with formaldehyde or heat (50° C). It is a 
fact further that the normal muscle cells may contain Na in 
variable amounts (Mond a. Netter 1932), that some Na penetrates 
into muscle cells during work and is again eliminated during reco- 
very (Fenn et al. 1938) and that sodium is reversibly absorbed in 
a K free solution (Steinbach 1940). We tbinlc it possible to con- 
clude that in truly physiological conditions the accumulation of 
jiotassium in muscle cells can be explained as a physico-chemical 
process, while sodium is kept out of the cells by an active process 
involving expenditure of energy, 

* As a matter of fact experiments •n'bich Dr. F. Bccuthai, kindly carried 
out for me showed that at all the higher K concentrations at which Boyle 
and CoMVAY found the remarkable impermeability to sodium the muscles had 
lost their contractility completely and irreversibly. 
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In tlie case of the frog's heart muscle it is definitely kno^\'n 
from the experiments described and u-ill be abundantly confirmed 
in the adjoined paper that the fibres are not impermeable to 
sodium, but it is tempting to assume that sodium is actively 
thrown out from the cells, while the potassium concentration is 
regulated by simple chemical forces. It appears to us, however, 
that such an assumption is incompatible with our observation 
that from concentrations of about 1 mM in the bathing fluid up to 
about 6 niM the inside concentration remains practically unaltered. 

We seem to be forced to the conclusion that in the heart there 
is an active transport both of K"** and Na"^ regulating the cellu- 
lar concentrations, but unable to overcome concentration differen- 
ces above a certain value, because the rate of diffusion exchange is 
rather high. 

We are indebted to Dr. Ib Holm-Jexsex who did some of the 
numerous analyses, especially the CNS determinations. 

Summary. 

Methods are described for studying the exchange of ions bet- 
ween the heart muscle of the frog and the bathing fluid along 
vdth the muscle contractions and for estimating the ion concen- 
trations within the muscle cells. 

Analyses of the serum of a few frogs and toads have given values 
for potassium and calcium which are definitely higher than those 
used in Ringer solutions, but the differences appear to be of no 
consequence. 

Although the kation concentration of the bathing fluid is 
about 130 mM the total kations of the heart muscle dissolved in 
the quantity of water present will produce a higher concentration 
(about 170 mM), and evidence is presented to show that a frac- 
tion of the potassium which averages 82 mM in all, is chemically 
combined, so as to exert no osmotic pressure, and not readily 
exchangeable with 

The calcium concentration is small (3 — 7 mM) and it seems 
probable that the calcium is mainly present in chemical com- 
bination. 

A large fraction of the potassium and calcium present in a heart 
can be removed by repeated treatment with small volumes of 
sodium solutions, and the quantities thus lost are reabsorbed from 
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normal Einger, if the washing out has not been carried too far. 
The reabsorption of is not accelerated by higher concentra- 
tions. ^Vlien potassium is lost sodium enters the cells and is again 
driven off during the reabsorption process. 

The response of a heart to a potassium free solution is gradual 
and takes a few minutes’ to develop, during which the heart 
becomes slow and somewhat irregular. When the solution is re- 
placed b^; complete Einger it again takes some minutes for the 
heartbeat to become normal. 

The response to changes in calcium concentration is much 
more abrupt. It is concluded that the action of K+ and Ca'^'^ 
are mainly located in cell surfaces, that both ions can be to a cer- 
tain extent replaced from the interior of the cells and that the 
replacement of Ca is much .slower than that of potassium, while 
calcium from the bathing fluid acts almost at once. 

On the assumption that the effects of potassium and calcium 
are due to ions adsorbed or otherwise combined at the cell sur- 
faces an attempt was made to determine the quantities adsorbed 
in the case of calcium, but these attempts failed. 

It is concluded that the heart muscle cells have the joower of 
actively transporting potassium ions from the outside into the 
cells and sodium ions in the opposite direction. 
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In 1913 it was shown by Sakai that the frog’s heart can work on 
a solution in which a large part of the sodium cliloride is substi- 
tuted by glucose in aequiosmotic concentration. He found that 
the heart could work for a long time on a fluid in which instead 
of 6 “/oo HaCl + 1 “/flo NaHCOa the heart was supplied with 1 ®/oo 
NaCl + 1 “/on NaHCOs and 31.5 »/„„ glucose or expressed in molari- 
ties 87.5 mM Na and Cl out of 114r were replaced with 175 mM 
glucose. Then and later it has been tacitly assumed that this fluid 
was simply isotonic mth the heart muscle cells and that no ex- 
change would take place, but in \dew of the fact that these cells 
are undoubtedly permeable both to sodium, as shown in the pre- 
ceding paper, and to glucose, which must penetrate to serve as a 
source of energy, the conception of simple isotonicity without any 
exchange could not appear selfevident to us. 

A small number of experiments carried out W'ith the experi- 
mental and analytic technique described in the preceding paper, 
but unavoidably limited by lack of animal material, showed con- 
clusively that a very considerable exchange wdll take place. 

Our glucose Ringer (GR) is made up of 3.15 g glucose, ml 
20 % NaCl, 2 ml 5 % NaHCOj, 1 ml 150 mM KCl and 1 ml 100 mM 
CaCL wdth redistilled water to 100 ml and comes very close to 
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tliat employed by Sak^u. The total osmotic j^ressure is that of 
a 124 ml\I NaCl solution of which 88 mj\l is replaced by the glu- 
cose. 

In the first experiments we used the apparatus arranged for 
fluid circulation (App. II of the preceding paper) charged with 
6.2 ml solution, and the heart worked for almost 5 hours on 4 
changes of GK. When this was first supplied the amplitude of 
contractions were reduced to Vs, but recovered in 15 minutes. 
After 40 minutes the frequency Avas suddenly reduced and the 
amplitude correspondingly increased, and during the remaining 
periods in Avhich the solution was exchanged with fresh GE both 
amplitude and frequency AA'cre somewhat irregular, but not more 
than is sometimes seen in normal Einsier. The analyses of the 
bathing fluid showed slight and irregular variations in the 
content, and a definite increase in the kation content from the 
33.3 mM of the GR to a maximum after 2 hours of 34.7 mM with 
a final value of 33. G. The calculations, Avhich owing to the large 
A'olumc of fluid and the 1 % mean error on the kation determina- 
tion cannot be very accurate, showed 6 //E of kations to be given 
off from the heart, Avhile 0.7 /iE K were absorbed. 

The heart weighing 190 mg with 164 mg water of which 46 were 
determined as extracellular gave only 1.15 mg ash (O.G % against 
the normal 1.0) and the determinations shoAved a content of 6.4 
«E K and 7.G uE kations. Distributed on the extracellular and 

( t 

intracellular fluid this gh'es for the latter 6.3 /;E K and 6.0 /lE 
kations corresponding to a concentration of 51 mi\I. In other Avords 
all the intracellular sodium Avns eliminated. Even when the possible 
errors on this determination arc estimated at their maximum the 
intracellular sodium concentration at the end of the experiment 
mu.st haA’e been loAver than the extracellular. 

An attempt to repeat this experiment on the heart of a E.temp. 
was unsuccessful. The sodium concentration in the heart was 
reduced in 3.7 hours only to 80 mM. 

In a second experiment avc endeaAmured to measure the kation 
changes more accurately by reducing the fluid Amlume to 2 ml, 
to shoAA’ that the elimination of sodium is reA'ersible and finally 
to demonstrate the uptake of glucose into the muscle cells by 
estimating the quantity eliminated in a subsequent period AA'ith 
normal Ringer. In order to reduce the amount of solution required 
for analysis the K concentration of the solutions was increased to 
3 m]\I. 
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After having worked for 10 minutes on Ringer the heart was 
washed out during 10 minutes vith 3 x 2 ml GR and then left 
to work with this solution for 83 minutes. During this period the 
kation concentration in the fluid (2.08 ml) rose from 40.7 mM to 
44.1 corresponding to an elimination of 7 //E of which 0.15 /(E 
was K"^. 

The effect of the GR on the contractions was very similar to 
that observed in the first experiment, but it took over an hour 
before the heart became definitely irregular and slow. 

The heart was now washed 10 minutes with 3 X 2 ml R and left 
with Ringer for two periods of 45 min. and 55 minutes. During 
the first of these 2.3 mg glucose (corresponding to 6.4 /fE RaCl) 
was eliminated raising the concentration to 107 mg %, while the 
kation concentration of the fluid was reduced from 130.5 to 128.3 
corresponding to an uptake of 4.6 ;^E. In the second period the 
changes both in glucose and kations were so small as to be within 
the limits of error (+ 0.1 mg glucose and 2 //E kations of which 
0.8 /<E was K"^). 

In a final period on GR of 80 minutes duration there was 
again an elimination of 4.3 //E kations of which 1.6 were found 
as K-^. 

During this period the amplitude of the ventricle was at first 
very much reduced and took over 20 min. to recover. It was then 
somewhat slower than with Ringer, but perfectly regular for about 
10 min. before it became increasingly irregular both as to rhythm 
and depth. 

The heart of this frog weighed 150 mg and gave 1.19 mg ash 
(0.8 %). As was to be expected a rather larger quantity of sodium 
was left in the heart, the final intracellular concentration being 
calculated as 34 mM which is not significantly lower than the extra- 
cellular. 

In a third very similar experiment which gave substantially 
the same main result it was attempted to determine the dead space 
in the heart simultaneously with thiocyanate and with =^Ra, be- 
cause the results so far obtained made us suspect that even in 
very brief periods sufficient -^Na might exchange with the muscle 
cells to vitiate the results. 

After emptying the system as completely as possible 1 ml Ringer 
containing both thiocyanate and -^Na Avas added and samples 
taken at short intervals. The initial concentrations of both sub- 
stances being taken as 100 the following results were obtained: 
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Time .... 1 2.5 3.5 6 minutes 

=*Na .... 96.8 92.5 86.5 86.8 

CNS .... 91 92 92 

If tlie dead space is calculated from tlie results after 3.5 and 
6 minutes it works out as 87 //I for CNS and 154 for -^Na. A simi- 
lar experiment made while the heart was working on G-E and with 
a solution corresponding as closely as possible to the normal GE 


gave: 






Time . . 

. . . 9 

2.5 

4.25 

6 

minutes 

. , 

. . . 94.3 

84.5 

83.1 



CNS . , 

, . . 94 

93 

89 

89 



The dead spaces deduced from these figures are 124 {A for CNS 
and 190 for ®*Na. The exchange of ®*Na ■noth the cells cannot be 
doubted. This heart was beating at the very slow rate of 10/min., 
because the venous sinus had accidentally been cut off. In a 
heart beating normally a complete mixing of the dead space 
fluid ^^•ith the solution poured in is attained in a definitely 
shorter time. 

Finally an experiment was made in which saccharose was sub- 
stituted for glucose, the idea being that saccharose should be 
unable to penetrate into the cells. 

. In this experiment it was attempted to obtain some additional 
information by weighing the heart at short intervals. If sodium 
salt could leave the cells without being replaced by saccharose the 
weight ought to fall, because water should be sucked out osmoti- 
cally. 

Before each weighing the heart was compressed by air at 1 m 
water pressure, gradually applied. All fluid above the cannula 
was sucked out, the pressure chamber opened, the heart touched 
with dry filter paper and vith the cannula transferred to a small 
weighing bottle. The time taken from the first putting on of pres- 
sure until the heart was again beating on a fresh supply of solution 
was about 4 min. 

A series of weighings under Einger gave the follovdng results 
for the heart without cannula 

Time . . 11®= 11“ IP^ 11-’ 11=® 11®® 11« 

mg. . . . 213 209 209 209 205 205 205 205 

16 — h40099. Acta phus. Scandinav. Vail. 7. 
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Now sacchaTOse Ringer (SR) was substituted and the weight 
began to decrease 

Time . . 12^^ 13« 14“ 

mg. . . . 197 192 189 188 

During this time kations were given off to tbe solutions. The 
SR showed a concentration of 34.3 mM, tbe samples at 12®® and 
13<^ showed 34.7 and 35.0 respectively, while the last sample at 
14^1 showed only 33.8. During the first SR periods the heart beat 
was regular, but the amplitude very low (0.05/60), after 20 min. 
it became slow and irregular, but remained low, and later again the 
slow contractions appeared in groups with pauses of 2 to 3 minutes. 

After the SR the heart was given normal R. The pulse became 
regular at once (0.25/60) and the weight increased 

Time . . 14®® 14®* 14®® 15®® 

mg. . . . 192 193 198 200 

At 14®® and 14®® samples were taken and analysed for saccharose. 

If SR filled only the extracellular dead space, overestimated at 
100 fil, and became completely mixed with the 2 ml R added the 
first sample should contain 142 mg %; the second 7 mg and the 
third 0.35. Instead of that the second sample showed 47.5 mg % 
and the third 29.7, which is possible only when some saccharose 
was eliminated also from the cells, as we know from the experi- 
ments described in the preceding paper that a complete mixing of 
the fluid in the extracellular space is attained in a heart beating 
at 0.23/60 in a minute or less. We must conclude therefore that 
some saccharose entered the muscle cells, although no equilibrium 
was attained. 

These experiments ought to be repeated and extended, but as 
it appears unlikely that we shall get an opportxmity to do so we 
feel justified in publishing them in this fragmentary state. 

Summary. 

In a frog heart working on a solution in which 88 mM of Na and 
Cl are replaced with 175 mM glucose the sodium in the heart 
muscle' cells is largely replaced by glucose. This replacement is 
reversible when the heart is put back into normal Ringer. 

Even saccharose can penetrate slowly into the muscle cells and 
replace the sodium. 
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Inconclusive evidence (a single experiment) is presented indi- 
cating that the sodium within the cells can be reduced below the 
outside concentration. 
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and Related Substances on tlie Ripening of the 

Reticulocytes. 
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Plum (1942) has shown that the ripening of reticulocytes is 
induced by some principle found in plasma, liver extract and 
extracts from otlier organs and tissues. The ripening priniciple 
consists of at least two fractions, one thermolabile and one ther- 
mostable, In liver extract the latter has been identified as tyro- 
sine (Jacobsbn and Plum 1942). In a subsequent paper (Jacob- 
sen and Plum 1942) it was shown that thyrosine in the ripening 
complex can be substituted by some chemically related substan- 
ces as tyramine, adrenaline, oxedrine (sympatol) etc., all having 
a ripening effect in combiuation with the thermolabile fraction. 
Other substances as phenylalanine, o- and m-tjurosine have no 
effect at all. It was then assumed that the tyrosine may be trans- 
formed into some indoline-derivative during the action with the 
reticular substance, a reaction similar to that which happens 
when tyrosine is transformed into melanin, but at the time we 
had no further evidence to sustain this hypothesis. In the present 
paper we report some experiments all showing that some of the 
mentioned indoline-derivatives have a much greater effect than 
the original amino acids or amines. As we have found emsymes 
in the red blood cells increasing the activity of tyrosine, we do 
not find it improbable to assume that the effect of tyrosine 
etc. depends on a transformation into similar substances which 
react with the reticular substance or otherwise interact in the 
processes of its disappearance. 
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The investigation of Raper (1932) has shown the following 
chemical reactions of tyrosine under the influence of tyrosinase: 


HO 


•— CH. • CH(NH»)GOOH HO 

HO 


-CHa • CH(NHj) • 
•COOH — ^ 


HO 

HO 


Tyrosine 

I. 


CH, 


\/ 

Dioxyphenylalanine (“Dopa”) 

II. 


0 


/V 


/ 

NH 


CH-COOH 0 


5, 6 dioxy dihydro 
indol-2-carbonic acid 

III. 


OH, 


HO 


OH- COOH < 
NH 

Halla chrome 
(red substance) 

IV. 


HO 


GH 


HH 


!'C • COOH 


5, 6-dioxyindol- 
2-carbonic acid 

V. 


HO 


CH 


HO'x /V'CH 

NH 

5, 6 dioxyindol 
VI. 


A. Tyrosine-Dopa-Hallachrome. 


Similar reactions are seen when adrenaline and oxedrine are 
broken down. In this case adrenochrome (VII), which corresponds 
to hallachrome (IV), is formed. From other amines similar sub- 
stances can be formed, as IHII from /?p-oxyphenylpropylmethyl- 
amine and IX from tyramine. 

From the reaction chain beginning with tyrosine, we have 
prepared dopa (II), hallachrome (IV), Y and and compared 
the ripening effect of these substances with that of tyrosine. In 
a similar manner we have compared adrenochrome (VII) with 
adrenaline and oxedrine, IHII with /?p-oxy-phenylisopropyl- 
methylamine and IX with tyramine. 
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CHOH-CH-NH(OH3) 


Oxedrine 





-CHOH-CH-NH(OH3) 
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0 
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,CHOH 

) 
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Adrenochrome VII 


B. Oxedrine-Adrenaline-Adrenochrome 
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VIII. 


CH-CHs 


C. /Jp-oxyphenylpropyimethylamine. 
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CH3CH:NH3 


0 
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/V 


\ 


CHa 

CHa 


NH 

IX. 


D. Tyramine 


Part I. 

Effect of IndolinederiTatives. Experimental. 

The activity of the substances and solutions was tested in the follow- 
ing way. Red blood corpuscles with about 200 p. m. reticulocytes 
obtained from anemic rabbits were suspended in a solution containing 
the thermolabUe factor of the ripening principle; to this was added 
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the tyxosine derivative to be examined. In these experiments we 
used as thermolabile factor saline extracts from dried hog stomach 
which Pluji has found very rich in this factor and containing but little 
of the thermostable factor. The ripening of the reticulocytes was de- 
termined as usual [Plum (1942)] and the monomolecular constant 
was used as a measure for the ripening rate. The effect of all substances 
and solutions was compared with that of tyrosine. 


A. The Tyrosine-Dopa-Hallachrome Chain. 

dl-dioxyphenylalanine (dopa) (II) was prepared according to 
Takooki SASAia (1921) from vanilLLne.^ 

The activity of dopa (II) is found to be about twice that of 
tyrosine. 

Table 1. 

Effect of Tyrosine and Dopa. 


Reticulocytes incubated in 

Monomolecular constants of ripening rates 

found 

corrected for 
the effect of 
gastric 
extract 

calculated effect of 

1 mg ^ tyrosine 
or dopa 

Saline 

0.0132 





Gastric extract 

0.0139 

O.ooo 

— 



Gastric extract with 10 mg % 






tyrosine 

0.0336 

0.0196 

0.00196 


average 

Gastric extract with 5 mg ^ 





0.00188 

tyrosine 

0.0229 

0.0090 

0.00180 



Gastric extract with 10 mg ^ 






dopa 

0.0580 

0.0391 

0.00391 


average 

Gastric extract with 5 mg.fi 





0.00396 

dopa 

0.0338 

0.0199 

0.00398 




Effect of dopa 
Effect of tyrosine “ 


An example is given in table 1. Here the effect of dopa is found 
2.10 times that of tyrosine; in six similar experiments this figure 
was foimd ranging between 1.92 and 2.22 with an average of 2.06. 

A solution of hallachrome, the red substance of Paper (1932) was 
made by the action of enzymes from tyrosine or from dopa: to 1 — 2 
litres 1 p. m. tyrosine was added Ym volume solution of tyrosinase 
prepared from mealworms (tenebrio molitor) exactly following the 
description of Hammerich (1931). The solution was adjusted to pH 


* All chemical preparations were made by I. G. 
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6.5 with a little acetic acid and kept at 30°. During the incubation 
the solution was frequently aereated with oxygen. After two hours 
the enzyme was precipitated by addition of 20 cc 1 p. c. acetic acid 
per 1.5 litre and centrifuged off. The clear claret coloured solution 
contains mainly unaltered t 3 T:osine mixed Trith hallachrome and 
perhaps some other oxydation products of tyrosine. A small part was 
tested in the ripening experiments, on another small part the un- 
altered tyrosine was determined after the method of jELvsimerich 
(1931). The rest was divided into three parts. Part one was treated 
with phenylhydrazine as described by Veer (1939), and the phenyl- 
hydrazone of the hallachrome was crj’stalHzed out; the precipitate* is 
dissolved in hot alcohol and brought to crystallisation by addition 
of water and cooling. The phenylhydrazone was identified through its 
nitrogen content and its melting point. The second part of the halla- 
chrome solution was kept under vacuum in 18 — 24 hours; then the ted 
colour had disappeared, the hallachrome being transformed into dioxy- 
indol (V) (Paper 1932); the third part was treated with sulphur diox- 
ide in 18—24 hours. In this case the red colour disappears also. The 
excess of sulphur dioxide was removed in vacuum. According to Paper 
(1932) the hallachrome is then transformed into dioxyindolcarbonic 
acid (VI). Attempts to isolate and identify the two indol derivatives 
were in vain, but both solutions gave a very marked qualitative reac- 
tion for indol when tested with dimethylaminobenzaldehyde. 

As to the affect of hallachrome figs. 1 and 2 give the results 
of some of the experiments. In fig. 1 a solution of 1 “/oo t 3 ncosine 
treated with a t}T:osinase preparation was tested against pure 
tyrosine. Prom three different concentrations of tyrosine tested 
(5, 10 and 20 mg %) it was in a manner similar to that shown in 
table 1 calculated that the effect of 1 mg % tjrosinc was 0.00233. 
The tyrosinase-treated solution contained 77.2 % unaltered tyro- 
sine of the total dry matter and hence it is possible to calculate 
the fraction of the ripening constant foimd which is caused by 
the tyrosine; this is only about 2 per cent of the total. The rest 
of the dry matter in the tyrosinase treated solution is oxydation 
products of tyrosine, mainly hdllacliromc. If we reckon the whole 
rest to be hallachrome, we can calculate the minimal effect of 
hallachrome, as the further oxydation steps have no effect. This 
effect is found to be an average of 0.103 per milligram per cent 
or at least 45 times that of tyrosine. The results are given in fig. 1. 

In the experiments given in fig. 2, we have calculated the 
maximal effect of hallachrome. Alp. m. solution of dopa was 
treated with tyrosinase in the manner described; from the amount 
of phenylhydrazone isolated it could be calculated that at least 
26.3 per cent of the dry matter was hallachrome. If the 73.7 
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Fig. 1. Effect of tyrosine on reticulocyte ripening 
before and after treatment witli tyrosinase. 
(Ordinate: ripening constant.) 
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per cent is presumed to be unaltered dopa it is possible in a similar 
way as mentioned above to calculate the part played by tbe 
ballacbrome in the rip- 
ening constant found. 

Since it is probable that 
not all the haUachrome 
is isolated as phenylhy- 
drazoue, this figure must 
represent the maximal 
effect. This is found to 
be 0.262 per milligram 
per cent hallaclirome 
against 0.00247 per mil- 
ligram per cent tyrosine 
in the same experiment. 

The effect of hallachro- 
me is thus not more 
than 106 times that of 
tyrosine. As hallachro- 
me cannot be isolated 
in pure form it is im- 
possible to give the 
exact relation between 
the effect of tyrosine 
and haUachrome, but it 
must be placed between 
45 and 105. 

The haUachrome solu- 
tion did not have any 
ripening effect by itself 

but only in combination with the thermolabile factor. 

After being kept under vacuum during 18-— 24 hours or treated 
with sulphurdioxide the haUachrome solution loses its ripening 
effect. Thus neither dioxyindolcarbonic acid fV) or dioxyindol (^Tl) 
have any ripening effect. 



Fig. 2. Effect of dopa on reticulocyte ripening 
before and after treatment ^vitb tyrosinase. 


B. The Oxedrine-Adrenaline-Adrenochrome Chain. 

Adrenochrome was prepared in a similar way as haUachrome. 1,000 
cc of a solution of oxedrine tartrate containing 1 p. m. oxediine base 
was treated with 100 cc tyrosinase preparation under oxygen; small 
portions were taken out after 1 and 3 hours incubation at 30°. 
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HO 120 UO 
fng\ e*y 


After 3 hours acetic acid was added to the whole portion in order to 
precipitate the enzyme which was centrifuged off. The rest was treated 
^vith phenylhydrazine as described by Veer (1939). From the 1,100 

cc solution was isolated 
200 mg phenylhydrazone, 
corresponding to a con- 
tent of about 10 mg per 
cent adrenochrome in the 
solution. In the samples 
taken out were found 
O.oi p. m. dry matter of 
which 91.7 per cent and 
87.7 per cent after and 
3 hours were found to be 
oxedrine. Thus the solu- 
tion after 3 hours incuba- 
tion contained 91 mg per 
cent dry matter of which 
80 mg per cent was unal- 
tered oxedrine and 10 mg 
per cent could be isolated 
as adrenochrome, it must 
also be presumed that all 
oxedrine disappeared is 
converted into adreno- 
chrome. 

From fig. 3 it can be 
seen that the effect of 
oxedrine is very much 
increased after incuba- 
tion with tyrosinase. 
From the known effect 
of oxedrine and from 


Fig. 3. Effect of oxedrine (sympatol) on reticulo- 
cyte ripening before and after treatment -vritli 
tj’rosinase. 



Fig. 4. 


Calculated effect of adrenoclirome on 
reticulocyte ripening. 



Fig. 6. Effect of adrenaline on reticulocyte 
ripening before and after treatment with 
tyrosinase. 


the constant of oxedrine 
in the solution we have 
calculated the effect of 
adrenochrome which is 
given in fig. 4. 

The effect of tyro- 
sinase treatment on ad- 
renaline is given in fig. 
5; here we made no 
determination of non 
altered adrenaline in the 
solution, and as the 
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isolation of aclrenoclirome-plienylliydrazine only gave a very poor 
jneld, it is impossible to calculate tbe isolated effect of adreno- 
chrome from adrenaline. 


C. (Sp-Osyplienyliso- 
propyl-Methylamine 

— vin. 

IV 2 litre 1 7oo solution 
of the base vas treated 
in the usual wa)’ with 
150 cc tyrosinase prepara- 
tion during 3 hours at 
30®. After the incubation 
89.fi % niuine was re- 
Found and 400 mg sub- 
stance was precipitated 
with phenylhydrazine. If 
the phenylhydrazon was 
pure it would correspond 
to 248 mg Vm or 16.7 
per cent. Thus the jnajor 
part, of the amine lost 
must probably be present 
as the indolinc derivative. 
In fig. 6 is given the 
result of an experiment 
and in fig. 7 the cal- 
culated effect of VIII 
compared with that of 
/5p-o.xyphenylisopropyl- 
methylamine. 



Fig. 6. Effect of jffp-oxy-phenylisopropylamine 
on reticulocyte ripening before and after treat- 
ment with tyrosinase. 



Fig. 7. Calculated effect of indoline derivative 
of p-oxy-plicnylisopropylamino on reticulocyte 
ripening. 


D. Tyramine — IX. 

A solution of tyramine 
liydrochloridc correspond- 
ing to 1 p. m. tyramine 
was treated with tyro- 
sinase as described and 
the preparations tested 
against the reticulocytes. 
After 2 hours incubation 
with the enzyme was 63. fi 
p. c. and after 3^2 hours 
61.0 p. c. of the t)Ta- 



Fig. 8. Effect of tyramine on reticulocyte ri- 
pening before and after treatment with 
tyrosinase. 
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Fig. 9. Calculated effect of indoline derivative of 
tyramine on reticulocj’te ripening. 


mine found unaltered. At- 
tempts to isolate the iii- 
doline derivative as phe- 
nylhydrazone gave only 
a very poor yield as the 
precipitate vras too small 
to become recrystallised. 
The figs. 8 and 9 show 
the results plotted in a 
similar way as the other 
experiments. 


E. Diiodotyrosine. 

This substance is not attacked by tyrosinase preparations 
hitherto used. This corresponds well to the fact that the effect 
of diiodot}Tosine is not increased after incubation with the meal- 
Avorm extract. The results of an experiment are given in the 
following table 2. 

Table 2. 


; 

1 Reticulocytes incubated in 

i 

1 . . 


found 

Corrected for the 
effect of 
gastric extract 

Saline 

0.0116 

b 

_ 

Gastric extract 

0.0128 

■ 

Gastric extract with 10 mg % tyrosine . . 

0.0225 

0.0097 

Gastric extract ■with 20 mp % Diiodotyro- 
sine, 

0.0313 

0.0185 

Gastric extract with 10 mg % Diiodotyro- 
sine 

0.0205 

0.0077 

Gastric extract with 20 mg % Diiodotyro- 
sine treated with tyrosinase during 2 
hours 

0.0308 

0.0180 

Gastric extract with 10 mg % Diiodotyro- 
sine treated with tyrosinase during 2 
hours 

0.0194 

0.0066 


Discussion of Part I. 


The principal result of the experiments is that an incubation 
with tyrosinase increases the ripening effect of an amino acid 
or an amine. This happens only rvhen the amine is able to form 





EFFECT OF TYROSINE ON THE RIPENING OF THE RETICULOCYTES. 253 

an indolinederivative. Substances like diiodotyrosine wliicli are 
not attacked bj the tyrosinnseprcparation used do not alter their 
ripening effect. The preparations with the strongest ripening effect 
contain mainly the red indoline-derivative and unaltered amine, 
and it is highly probable that the increased effect is due to the 
former. 

So far it is not qyroved that the increased activity is due to the 
formation of the indoline derivative ns it is impossible to isolate 
these quinones in pure form and the quinones are destroyed in 
attempts to hydrolyse the phcnylhydrazone with diluted acid. 
It is, however, very improbable that the increased effect should 
be caused by some other substance present in minor quantities. 
In the case of oxedrine and /5p-oxyphenylisopropylmethylamine 
practical!}* all the amine lost is found again as indoline derivative, 
and if some other substance was responsible for the increase in 
effect, this substance must possess an effect several thousand 
times that of the original amine which seems most improbable. 

From the determination of unaltered amine and the weight 
of the isolated ])licnylhydrazonc of the indoline-quinone it can 
be calculated that the indoline derivative has an effect of 50 
to more than 100 times that of the original amine. 

An exception is formed by t}Trnmine, where the indoline deri- 
vative apparently has only ten times the effect of tyramine. Tin's 
is probably due to the fact that only a small part of the t}Tramine 
lo.st is present in the solution as indoline derivative, the rest 
being transformed into ineffective substances; the fact that only 
very little plienylhydrazone could be isolated from tlie solution 
supports this assumption. 

Thus while tyTO.sine is effective in a concentration of 1 : 10,000, 
hallachrome }'ields the same effect in concentrations between 
1 : 500,000 and 1 : 1,000,000. This great increase gives the idea 
that the effect of tyrosine on the reticulocytes is based on a trans- 
formation into hallachrome in the blood corpuscles. In a similar 
way oxedrine and adrenaline should be transformed in adreno- 
chrome and the other effective amines into the corresponding 
derivatives. Further alterations of the hallachrome and the similar 
substances give no effect at all. 

That dopa has twice the effect of tyrosine gives some support 
to the h}^othesis; on the other hand adrenaline has approxima- 
tely the same effect as oxedrine where an increased effect should 
be expected. Against the hypothesis of a necessary transformation 
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into imloline derivatives speaks the fact that diiodotyrosine has 
a ripening effect in spite of its inability to form an indoline 
derivative directly, but the blood corpuscles may be able to 
split off the iodine and thus make it possible to form the sub- 
stance wanted. 

The whole hypothesis, however, depends on whether the blood 
corpuscles are able to form the indoline derivative; in the second 
part of this paper it will be shown that tyrosine is decomposed 
by the red blood corpuscles. Furthermore it is possible to isolate 
from the blood corpuscles an enzyme or an enzyme complex 
with an activating effect on t 5 rrosine equal to the effect obtained 
by tyro.siuase preparations. 


Part 11. 

Influence of Erythrocytes on Tyrosine. 

The blood corpuscles from 260 cc blood from an anemised 
rabbit were separated from the plasma in the centrifuge, washed 
and divided in two portions. The one was added 60 cc saline and 
remained as a blank while the other was added 50 cc saline with 
10 eg tyrosine. Both were kept at 37° and aereated with oxygen. 
The tyrosine was estimated at once and after 2, 4 and 6 hours. 
The results are given in table 3. 


Table 3. 


Influence of red blood corpuscles on tyrosine 


Found mg -‘tyrosine” 


in blank 

in suspension 
added tyrosine 

in suspension 
added tyrosine 
— blank 

at the beginning of the incubation 

9.1 

51.6 

42.5 

after 2 hours at 37° 

9.8 

52.1 

42.3 

after 4 hours at 37’ 

9.8 

49.8 

40.0 

after 6 hours at 37° 

11.1 

50.6 

39.4 


A decrease of about 3 mg% is observed. The major part of 
this decrease, however, is due to an increase of "tyrosine” in 
the blanks, presumably phenol bodies liberated during the in- 
cubation. 
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As the decrease in tjTosine is so much smaller than the "tyro- 
sine” found in the blank, we dont regard experiments of this 
kind quite reliable. Hence we have made supplementary experi- 
ments in order to examine whether tyrosine or tyrosine-like 
substances are decomposed by the red blood corpuscles. Pletm 
( 1943) has shown that the amount of ripening substances in 
plasma is considerabl)- reduced when whole blood is stored. 
The reduction will be larger when the temperature is increased. 
Stored under the same conditions plasma showed comparatively 
little decrease in the quantity of the ripening substances. Earlier 
we have shown [Jacobsen and Pliem (1943)] that the ripening 
principle in plasma consists of two fractions, one of which can 
be replaced by tyrosine. Unlike from liver extracts tyrosine 
cannot be isolated from plasma, but the thermostable part of 
the ripening principle in plasma must nevertheless be closely 
related to t 3 wosine. Not only can it be replaced by t 5 a:osine, but 
injections of tyrosine to an animal gives a slight increase in the 
ripening principle of its plasma [Pltoi and Pluji (1943)]. Now 
we can show that the decrease in ripening principle after storing 
is due to a decrease in the "tyrosine” -factor which is destroyed 
by the blood corpuscles. In table 4 an experiment showing this 
is given. 


TnI)lo 4. 


Blood from 

! 

AVholo blood 
stored at 
room 

temperatare 

in 

Ripening index of plasma 

ivithout 1 ... , o 

addition of 
tyrosine j 

i Normal rabbit {15 ®/o3 reticnlo- 

1 0 hours 
< 3 > 

0.G9 

0.G3 

0.7 0 

0.G8 

cytes) 

{ 3 • 

0.68 

O.GG 

Anemised rabbit (375 ®/oo reticnlo- 

1 0 hours 
' 3 > 

0.94 

0.85 

0.95 

0.96 

cytes) 

1 6 . 

0.75 

0.91 


Wd hare to assome that the prodncts formed from the tyrosine lost remain 

inside the corpuscles. 


Finally we can show that addition of tyrosine and dopa is able 
to increase the oxygen consumption of the blood corpuscles. 
This should be expected if tyrosine is transformed into dopa 
and dopa into hallachrome by the erythroc 3 d;es. As seen by fig. 
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10 this increase is not a considerable one, but the result was 
reproduced several times. 

Taken as a whole there must be little or no doubt that tyrosine 
and dopa can be affected by the erythrocytes and moreover it 
is rather probable that the breakdown is an oxydation, but these 

experiments give no evidence 
that hallachrome is formed. We 
therefore attempted to make a 
“tyrosinase”-preparation from 
blood corpuscles and test its 
effect against tyrosine and 
dopa. When, treated with this 
enzyme preparation, solutions 
of tyrosine and specially of 
dopa turned black as seen -with 

Fig. 10. Effect of tyrosine and dopa on tyrosinases but we did not 

the respiration of red blood corpuscles, succeed in isolating tlie phenyl- 

hydrazoue of hallachrome in 
our experiments with extract from blood corpuscles. We could, 
however, show that tyrosine and dopa were more active after 
treatment with the enzyme preparation from erythrocytes. 

The enzyme solution was prepared in the following way. (The proce- 
dure described is only a preliminary example. Further studies on the 
nature of this enzyme are in progress and will be published by Gad.) 
Blood from normal or anemised rabbits is centrifuged and the erythro- 
cytes hemolysed through addition of distilled water. When the “sha- 
dows” are centrifuged off acetic acid is added to a final concentration 
of about m/50. The solution is filtered and the enzyme then adsorbed 
on purified kaolin which is washed several times with m/50 acetic 
acid and eluted with m/50 ammonia. 

The solution w^hich at 
times can be free from 
hemoglobin, is used as 
enzyme preparation. A 
solution of 1 ®/oo tyro- 
sine or dopa was in- 
cubated at 37° with a 
tenth volume of the 
enzyme preparation as 
described with the tyro- 
sinase preparation from 
meal-worms. The tyro- 



Fig. 11. Oxygen consumption of tyrosine and 
dopa in presence of enzyme prepared from red 
blood corpuscles. 
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sine and dopa solutions were then tested against reticylocytes in 
presence of gastric extract. The results from a typical experiment 
are given in table 5. 

Table 5. 

Effect of tyrosine and dopa treated with encyme-preparations 
from erythrocytes {enzyme extract). 

(j. 6. 43. 


Roticnlocytes 
saBpended in 



Monomole- 
cular con- 
stant of 

Ripening 

Saline 

Gastric 

extract 



ripening 

rate 

cUimtuutr 

2.0 cc 


— 


0.0129 


1.9 cc 

— 

Tyrosine 1 °/oo 0.1 cc . 

• • 

0.0132 

0.0008 

1.9 cc 

— 

Dopa 1 ®/oo 0.1 cc . . 

• - 

0.0188 

0.0004 

1.9 cc 


0.1 cc enzyme extract . 


0.018C 

0.0007 

0.8 cc 

1.7 CC 

— 


0.0167 

0.0028 

0.2 cc 

1.7 CC 

0.1 cc enzyme extract . 


O.OIGI 

0.0038 

0.2 cc 

1.7 CC i 

0.1 cc 1 “/oo Tyrosine . 

* * 

0.0304 

0.0176 


O.l cc 

1.7 cc 

0.1 cc 1 Tyrosine . 

0.1 cc enzyme extract . 

. 

• J 


f0.0878 

0.0249 


0.1 cc 

1.7 cc 

0.1 cc 1 “/oo Tyrosine . . 
0.1 cc enzyme extract . . 
incubated 2 honra at 37° . 
before ripening experiment 


0.0481 

0.0852 


OA cc 

1.7 cc 

0.1 cc 1 ”/«<> Tyrosine . 
0.1 cc enzyme extract . 
incubated 4 hours , . . 

• 

: 

• 

0.0527 

0.0898 


0.2 cc 

1.7 cc 

0.1 cc 1 ®/oo Dopa, . . 

• • 

0.04C4 

0.0836 


O.l cc 

1.7 cc 

0.1 cc Dopa 1 • • 

0.1 cc enzyme extract . 

. 

• 


0.0666 

0.0427 


O.l cc 

1.7 cc 

0.1 cc Dopa 1 “/oo. . . 
0.1 cc enzyme extract . 
incubated 2 hours. . . 

• 


0.0784 

0.0006 

■ 

0.1 cc 

1.7 cc 

0.1 cc 1 Dopa. . . 

0.1 cc enzyme extract, 
incubated 4 hours . . . 

• i 

0.0802 

0.0678 



It is seen that the effect of both tyrosine and dopa has under- 
gone a marked increase in effect after treatment with the enzyme 
preparation from blood cells. The increase it not so great as seen 
after treatment with tyrosinase ftom meal-worms, but the con- 
centration of the enzyme is much lower. Fig. 11 shows the oxygen 
uptake of tyrosine and dopa under influence of the enzyme pre- 
paration, and it is seen that only very little oxygen is consumed 

17 — r,Ji0099. Acta phvs. Scandinav. Vol.7. 
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during the first hours, but a calculation shows that enough 
oxygen is consumed to form an amount of hallachrome necessary 
to explain the increase in activity found. 


Discussion. 

The experimental evidence shows that the red blood corpuscles 
possess enzymes able to convert tyrosine and dopa into more 
active substances. The results of the experiments with meal- 
worm tyrosinase where hallachrome was isolated, combined with 
the fact that tyrosine treated with enzyme from blood corpuscles 
gives an oxygen uptake, makes it probable that hallachrome is 
formed under the influence of the erj’-throcytes. So far nothing 
speaks against the assumption that hallachrome is the substance 
effective in the reticulocyte ripening and that the effect of tyrosine 
and dopa should depend on a transformation of these substances 
into hallachrome in the blood corpuscles. 

The amount of the enzyme in the blood corpuscles is, however, 
rather limited and the question arises if it is large enough to get 
a reasonable amount of tyrosine converted. According to table 
5 0.1 cc enzyme extract incubated with 0.1 cc 1 p. m. tyrosme 
is sufficient to double the activity of the tyrosine solution in 
two hours. Under the assumption that this increase is due to 
the formation of liallachrome and that hallachrome has an effect 
of 100 times that of tyrosine, 1 per cent of the tyrosine should 
be transformed into hallachrome by the enzyme during the 
two hours. As the enzyme extract is prepared 1 cc extract cor- 
responds to 5 cc original blood; the blood corpuscles of 0.5 cc 
anemic blood therefore contain at least sufficient enzyme to make 
a hallachrome solution of 1 : 200,000 during 2 hours from a solu- 
tion of tyrosine 1 : 2,000. 

20 per cent of the anemic blood is erythrocytes. The enzyme 
present in 0.1 cc extract is thus foimd in the water-phase of 0.1 
cc blood corpuscles, i. e. in 0.05 cc. According to this calculation 
the concentration of the enzyme in the water-phase of the blood 
corpuscles is 4 times that of the solution incubated. If the activity 
of the enzyme is proportional to the concentration, this means 
that the amount of enzyme in the blood corpuscles is sufficient 
to make a hallachrome solution of 1 : 50,000 out of a tyrosine 
solution of 1 : 2,000 in two hom'S. As the ripening effect is pro- 
portional to the t 3 n’osine concentration, it is logical to assume 
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that the effect of blood cell tjTOsinase is proportional to the 
substrate concentration as well. Kow in our ripening experiments 
we generallr u.sc a tyrosine concentration of 1 : 10,000. The enzyme 
concentration should be sufficient to make from this solution 
a hallaclurome concentration of 1 ; 250,000 in two hours, which 
is four times as much as equivalent to a t}TOsine concentration 
of 1 ; 10,000. Wien it is considered further that the preparation 
of cnz3'mc e.xtrnct must be accompanied by considerable loss, it 
is seen that the amount of enzyme in the blood corpuscles is 
sufficient and docs not speak against the assumption that tyrosine- 
in the reticulocytes must be converted into hallaclmome before 
it can act in the ripening processes. 

It may, however, be possible that the active tyrosine derivative 
formed b\‘ enzyme from blood corpuscles is not identical with 
hnllachrome. Until we have succeeded in isolating hallachrome 
from incubation experiments %vith tyrosine or dopa and blood 
enzyme, the e.vplanation given above must remain hypothetical. 


Summary. 

By means of tyrosinase from meal-worms, indoline derivatives 
arc formed from tyrosine, adrenaline and otlier related substances. 

It is sliowu that the effect on reticulocyte ripening of tjTosine, 
adrenaline, /?p-ox}q)henyHsopropylaminc and tyramine is onlj* 
10 to 1 % of the effect of the corresponding indoline derivatives: 
hallachrome, adrenochrome etc. Dio.xjdndole and diox}nndolo- 
carbonic acid have no rijiening effect. 

Tjmosinc is decomposed b\' red blood corpuscles and from red 
blood corpuscles wc linvc prepared enzymes able to convert 
tjmosino and dio-xy-phenylamine into substances more active to- 
ward.s reticulocyte ripening. The same enzyme preparation is^ 
able to form raelaninc from tyrosine and dioxypheiivdalanine, and 
to give rise to the oxygen consumption in solutions of these- 
substances. 

This make.s it possible that hallachrome can be formed from 
tyrosine in the erythrocytes and a calculation shows that the 
enzyme concentration inside the erythrocytes is sufficient to 
support the assumption that the effect of tjTOsine on the reti- 
culocytes is due to its conversion into hallachrome with the 
corpuscles. 
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Despite n close knowledge of the liistology of the inner ear 
and numerous attempts to explain its function it must be ad- 
mitted that to tin's day we do not know how tlie transformation 
of sound waves into the action potentials of tlie auditory nerve 
and the central auditory pathways takes place. The discovery 
of the so-called We VER- and Bbay phenomenon in 1930 aroused 
increased interest in this important problem, and a possibility 
has been created of getting nearer to its solution by means of 
experimental work. 

During the attempt to lead off electric ijotentials from the 
auditory nerve of cats exposed to sound effects Wevep. and Bray 
found such powerful and pure potentials that by suitable ampli- 
fication and transference to a loud-speaker the words spoken 
into the ear of the cat could be distinctly understood. Simple 
action potentials from the auditory nerve had previously been 
known, but the potentials observed by AVever and Bray dif- 
fered in essential particulars from the action potentials in the 
auditory nerve. It was not until the succeeding years, however, 
that it became clear that the potentials first observed by Wever 
and Bray arose in the cochlea and had nothing to do with the 
action potentials of the nerve. Abriax (1931) introduced the 
term microphone effect and Saul and Davis pointed out the 
great differences between the action potentials from the auditory 
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nerve and the microphone effect of the cochlea (1932). While the 
action potentials from the auditory nerve are limited to. rather 
low frequencies, are affected by narcotics, and are released from 
the auditory nerve and the central auditory pathways, the micro- 
phone effect of the cochlea includes a much larger area of fre- 
quency, is not affected by narcotics, and is released from the 
cochlea. 

A number of works on the Wevep. and Bray phenomenon from 
the years that followed showed that this phenomenon is not an 
artefact, but a biological phenomenon associated with the living 
tissue in the cochlea. On two important points, however, we still 
lack clarity; despite numerous worlcs on this interesting effect 
it has not yet been possible to agree as to where in the cochlea 
the potentials arise, just as it has not yet been settled whether 
these potentials are a necessary link in the whole complicated 
mechanism of the perception of sound or only an accidental con- 
comitant without any significance whatever for hearing. As to 
the point at v'hich the potentials arise, attention has especially 
been directed towards the hair cells in the organ of Corti and to 
the Eeissner membrane. A change of form in the hair cells caused 
by currents in the perilymph and endolymph may give rise to 
electric potentials in the form of the so-called piezo-electric effect; 
such a change in the form of the cells in the organ of Corti is 
quite conceivable according to the histological structure (Gitild, 
1937). A number of authors have pointed out the probability of 
the hair cells being the place of origin of the microphone effect. 
By examining animals with a congenital absence of or a defective 
organ of Corti Davis, Derbyshire, Lurie and Saul (1933), 
Hughson (1937) and others found that the microphone effect 
was entirely or partially abolished. Other authors (Eyster and 
Bast (1937), Hallpike and Eawdon-Smitii (1934)), however, 
have found that the microphone effect may be present despite 
absence or degeneration of the organ of Corti; these authors in- 
stead ascribe decisive importance to the Eeissner membrane- for 
the rise of the potentials. A degeneration of the organ of Corti 
has been produced by cutting of the auditory nerve or by ex- 
posing animals to a somewhat loud noise for some length of time. 
A degeneration of the organ of Corti together with the spiral 
ganglion can also be produced by means of ascaridol (the active 
substance in chenopodium oil), as shown amongst others by Oka 
(1929), So as to throw more light on these questions we have tried 
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by meaM of injection or ingestion by mouth of ascaridol into 
guinea-pigs to produce such an elective degeneration of the organ 
of Corti; the succeeding investigations on the Wever and Bray 
effect combined with histological investigations may possibly clear 
up the bearing of the hair cells on the microphone effect. These 
experiments have not yet been terminated. 

1\TiiIe worlcing out the technique for the quantitative estima- » 
tion of the microphone effect of the cochlea on guinea-pigs we 
have amongst other things ascertained whether this effect could 
be influenced by various drugs and in the first place salicylic acid 
and quinine. Audiometer investigations made by us on human 
subjects (1943) suggest that the point of attack of the salicylic acid 
is either in the organ of Corti or more probably centrally to it (in 
contrast with the findings of Balbe-Haxsex (1941)). If the point 
of attack is the organ of Corti and the microphone effect is re- 
leased there, it would be natural to suppose that the microphone 
effect could be influenced by salicylic acid. 


Tcclinique. 

In a single case the investigations on the microphone effect were 
made on a cat, but in all other cases on guinea-pigs. Before the animal 
is anesthetised it is ascertained whether Preycr’s refle-xes are present. 
Urethane anesthesia is used. The animal is placed on its back on a 
warm operating table. In order to avoid compression of the trachea 
a tracheal cannula is introduced, after which the muscles are pushed 
aside with a chiefly blunt instrument, keeping close to the inner side 
of the mandible and m. ptorygoideus int. (it is of great ns.sisfcance to 
the beginner to have the skull of a guinea-pig to look at). As a rule 
the bulla can be exposed in a few minutes practically without bleeding. 
The space is very limited, still one can manage very well without any 
assistant as long as one has a frontal mirror and a small deep-going 
blunt self-retaining retractor at one’s disposal. The muscles covering 
the bulla deep down are pushed aside with a cotton wad, no sharp in- 
struments should be used here as this may cause troublesome bleeding. 
The bulla as a rule quite thin may be opened with a knife, and when 
the membrane extended in the bulla has been removed the cochlea is 
freely accessible to an electrode which is placed directly on the apex. 

A chloridised silver electrode is applied, about 7 cm long and 1 mm 
thick. If. is of vital importance to use electrodes jreslily chloridised im- 
mediately before each ex.perimcnt. The chloridisation is carried out as 
follows: the silver wire is well cleaned and entirely freed from fat after 
which it is treated with a saturated solution of sodium thiosulphate 
so as to remove all silver chloride; this is of course of special importance 
if the electrode has pre\nousIy been chloridised. The quite bright silver 
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wire is boiled in water, after whiub the chloridisation takes place in 
1/10 n HCl, the silver wire being connected to the positive pole of a 2 
volt accumulator; a silver plate is used as cathode. Electrolysis for 10 
minutes with 3 — 4 mA; now and then the current is transiently in- 
creased to 10 mA. Avoiding contact with the chloridised part of the 
electrode the latter is covered with an isolation cuff, as generally used 
in radio technique. At least two electrodes were always made for each 
experiment, so that the electrode may quickly be changed if by rubbing 
against the cochlea it should lose some of the silver chloride, in which 
case irregular potentials will arise. The electrode is placed with the 
point directly in contact -with the apex of the cochlea \vithout other- 
wise touching the animal. It is important that there should be no 
moisture on the cochlea which must therefore, if required, be care- 
fully wiped with hydrophilous cotton wool immediately before the 
electrode is applied. As the anode w'as used a spring terminal whiuh 
was fixed in the shaved and scarified auricle which had been scraped 
with sandpaper, so that the distance between the cathode and the 
anode was very short. 

The experimental animal was placed on a grounded copper plate, 
in some of the experiments in a grounded Earaday cage, in other ex- 
periments without this cage (“floating”); equally good results are 
obtained with and without the Faraday cage. As a source of sound we 
used for the quantitative measurements a tone generator {radiometer type 
HO 1 D) which gives sinusoidal oscillations from 20 to 20,0C0 cycle.s. 
The tone-generator is connected over an attenuator {radmneter LF, type 
LP 3, to a crystal telephone {automatic), built into a grounded metal 
screen. Before the microphone of the telephone was placed a 2 cm 
long 5 mm wide metal tube and connected to this again a 3 cm long 
rubber tube with the same lumen; this rubber tube was adjusted to 
the auditory canal of the experimental animal. The cathode was car- 
ried over an alternating current intensificr a. m. Buchthal-Nielsex 
to a cathode ray oscillograph {radiometer type OSG 15) or a loud- 
•speaker which could be placed in a room lying far from the room 
where the experiment took place so that the currents led off from the 
cochlea could be seen or heard at will. To make sure that the poten- 
tials observed "were due to the microphone effect and not merely in- 
duced electrical phenomena the rubber tube leading to the auditory 
canal w'as compressed: in this way the potentials produced by the 
microphone effect will entirely disappear. 

The above technique, at which we have only arrived after a long sertes 
of 'preliminary experiments, has been so carefully described because it 
seems to give essentially better restdts than devices q^reviously described in 
the literature. 


Experimental Results. 

In all cases with a positive Preyer reflex w'e found a very con- 
siderable microphone effect. The intensity of the potentials might 
rise to 1 millivolt (the literature as a rule only gives values of up to 
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100 microvolts (Bray and Lawrence (1941)). Big. 1 shows a photo- 
graph of the oscillations at a frequency of 1,600 and 3,200 cycles. 

The intensity of the potentials attained appears clearly from 
the fact that from any part of the 8 x 4 m large laboratory in 
which the guinea-pig was placed even ordinary talk could be 
distinctly understood through the loud-speaker, which of course 
in these experiments was placed in 
another part of the building; it was 
even possible to recognise the speaker 
by the voice from the loud-speaker, 
though it had the characteristic 
metallic ring. With the experimental 
arrangement we used it was possible 
both to see and to hear a distinct 
microphone effect from the cochlea 
in guinea-pigs mthin a frequency field 
of from about 20 — 30 cycles right np 
to 14,500 cycles. This is essentially 
higher than that previously found for 
guinea-pigs (cf. Eysteu, Bast and 
Krasno (1937) who found the max- 
imal frequency to be about 4,000 
cycles). On cats microphone effects 
have been observed of up to 16,000 
cycles (Da\hs, Dworkin ct al. 1932). 

The microphone effect may, however, 
be present at both higher and lower 
frequencies; but with the technique 
employed by us it was not possible 
to demonstrate frequencies outside the field mentioned, which cor- 
responds approximatclj' to the w^hole of the frequency range au- 
dible to man. By subduing the tone led to the ear of the guinea 
pig to just visible potentials (c. 0.01 mV) on the cathode ray 
oscillograph for the different frequencies by a suitable intensifica- 
tion (c. 100,000) we found the following average “electric audio- 
gram” for guinea-pigs (Fig. 2): 

As previously pointed out in the literature, tliis audiogram is 
in good agreement with the audiogram known from man. It 
should be noted that in all the experiments the leads were from 
the apex of the cochlea. On leading off from other parts of the 
cochlea avc found essentially lower potentials. 



3,Q0D cycUs 

Fig. 1. Potent inis led off from 
the cochlea photographed on the 
cathode ray oscillograph — l.fiOO 
and 3,200 cycles. 
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Fig. 2. Audiogr.nm token from human subjects and on “electric audiogram” 
taken from guinea pigs with the same telephone. 

In all our experiments the microphone effect kept practicallj- 
unchanged for several hours. Only at the incidence of death which 
was brought about by intravenous injection of a couple of milli- 
litres of a 10 % KCl solution or by bleeding (cutting of the heart 
or of the femoral artery), did we notice a quite sudden fall in the 
potentials to about 1/5 of the original intensity, after which we 
observed a gradual and slow decrease in the potentials in the 
course of the next hours as found also by Davis, Derbyshire, 
Lurie and Saul (1933). 

Brj an accidental destruction of the apex of the chochlea on ap- 
plying the electrode Ave have seen in a couple of the experiments 
that the microphone effect for the deep tones (100 — 1,600 cycles) 
decreased or entirely disappeared while for the high frequencies 
(2,000 — 14:,000 cycles) it remained unchanged. This agrees with 
the generally recognised frequency localisation to the cochlea ac- 
cording to Avliich the deep tones are localised to the apex while 
tones of liigh frequency are localised to the base. 

In a number of cases Ave found guinea-pigs in which Preyer’s 
reflex was absent; these animals showed inflammatory changes in 
the middle ear AAith pus in the bulla, Avhich AA'as generally Amry 
thick-walled. We have never been able to register a microphone 
effect from such ears A\uth abolished Preyer’s reflex; this reflex 
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is tried for cacli ear separately. A high tone (c. 2 — 3,000 cycles) 
is sounded loudly close to the ear to he tested. Histological in- 
vestigations of the inner ear were not made in these cases; but I 
should think that there must have been considerable inflammatory 
changes in the cochlea. 

As already mentioned, a collection of fluid in the bulla around 
the electrode greatly influences the potentials which decrease in 
size', so that in some of the experiments it was necessary now 
and then to dry the bulla with a little hydrophilous cotton. A few 
drops of procaine dripped into the bulla (Yj %) at once abolishes 
the potentials; after dr^dng, the potentials appear again at their 
original intensity; this effect, however, is not due to the procaine 
but only to a short-circuiting through the fluid, the same phe- 
nomenon appearing when a couple of drops of physiological saline 
solution are dripped into the bulla (cf. Eyster et al. (1937)). 

As already mentioned, urethane anesthesia was used in our 
experiments. These showed that the microphone effect is un- 
affected even by deep urethane anesthesia, just as previous in- 
vestigations have shown that ether anesthesia does not affect 
the phenomenon until the anesthesia is so deep that the circula- 
tion stops. With a number of other drugs we have tried to pro- 
duce changes in the microphone effect; the substances tested- were: 
salicylic acid, quinine, allypropynal, adrenaline, prosligmine, mag- 
nesium sulphate, and calcium. It was also tested whether large 
doses of hypertonic and physiological saline solution injected 
intraperitoneally would affect the potentials. 

The salicylic acid was administered intraperitoneally as sodium 
salicylate in a 10 % solution in doses of 5 ml at a time, at inter- 
vals of 5 — 10 minutes, up to 80 ml in all. During this procedure 
no change whatever was observed in the threshold values at the 
various frequencies (“the electrical audiogram”). 

Allypropynal (allylisopropylbarbituric acid) was injected intra- 
peritoneally in a 5 % solution, 10 ml in all, prostigmine “Roche” 
was likewise injected intraperitoneally, 2 mg in all (4 ml), adrena- 
line was administered intraperitoneally (1 ml of a 1 ®/oo solution) 
and, finally, calcium “Sandoz” was injected intraperitoneally, 5 
ml in all of a 10 % solution; none of these substances influenced 
the microphone effect. 

Hughson and Orow'e (1933) found that the microphone effect 
was reduced after intravenous injection of a hypertonic saline solu- 
tion (30 %) wliich iiroduced a fall in the intralabyrinthine pres- 
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sure, wMle distilled water, which increases the intralabyrinthine 
pressure, did not affect the phenomenon. With large doses of 
physiological saline solution, up to 80 ml in all, injected intra- 
peritoneally, we found no change in the potentials; after injection 
of hj-pertonic saline solutions (NaCl— 30 %), up to 40 ml, we 
observed no reduction of the potentials before the incidence of 
death; but immediately after the injection the potentials grew 
very irregular. Magnesium sidphaie in a 20 % solution yielded 
a similar result. 


Discussion. 

It must be admitted that the importance of the microphone 
effect for hearing has not been conclusively proved; it is possible 
that the very strong potentials are an adventitious physical 
phenomenon without any bearing on the transference of sound 
to the auditory nerve; but this seems extremely unlikely. 

It has been maintained that by leading off from much simpler 
systems than the cochlea, even from a piece of moist cotton wool, 
a microphone effect can be obtained; we have therefore tried to 
lead off potentials from a piece of cotton wool saturated with a 
physiological saline solution. This, however, only proved possible 
when the cotton wool was placed in the same room as the inten- 
sifier; but these potentials were many times weaker than the 
Wever-Bp.ay effect and could only be observed with very strong 
whistling tones. They did not set in until about 1 second after 
the sound stimulus and persisted for about 1 second after the 
cessation of the sound stimulus (bad damping). A closer investiga- 
tion showed, how'ever, that these potentials were not derived 
from the cotton wool at all, but were due to the fact that the 
strong whistling tones directly influenced the intensifier and 
made it resound. It was understandable, therefore, that in these 
experiments the intensifier had to be placed in the room where 
the experiment was carried on. 

The exceedingly strong and pure microphone effect which can 
be elicited from the coclilea renders it extremely probable that 
this phenomenon is an absolutely necessary link in the mechanism 
of hearing. Our experiments have shown that the microphone 
effect on guinea-pigs whose cochlea very much resembles that of 
man comprises a range of frequencies from about 30 to 14,500 
cycles; this corresponds fairly well with the audible range of fre- 
quencies for man. It is therefore likely that the guinea-pig can 
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hear tones, at any rate witliin tMs range, and probably only 
witbin this range. 

We have found the microphone effect extremely resistent to 
a number of very different drugs; this might be expected, seeing 
that hearing, as is ■well known, is only affected by a very few; 
of those here tested especially salicylic acid and quinine. But as 
we have previously found (JuuL, 1943), the point of attack of 
these substances presumably lies centrally to the organ of Corti. 
Since the microphone effect probably arises in the organ of Corti 
or peripherally to it (the Reissner membrane?) the results arrived 
at are xmderstandable. For the hearing of the indi-vidual it is of 
course of the greatest importance that the microphone effect is 
not affected by drugs. 

Our experiments with ascaridol may clear up where the micro- 
phone effect originates. 


Summary. 

1) Our investigations on the microphone effect on guinea-pigs 
have been performed with a new technique; the anode used being 
a freshly chloridised silver wire applied directly to the apex of 
the cochlea. This method seems to yield better results than the 
methods previously used. 

2) The microphone effect on guinea-pigs comprises at any rate 
a frequency range of from about 30 to 14,500 cycles. The “elec- 
trical audiogram” taken on guinea-pigs corresponds fairly closely 
to the normal audiogram taken on human subjects. 

3) The microphone effect is quite unaffected by urethane, sali- 
cylic acid, quinine, allypropynal, adrenaline, prostigmine, and 
calcium. Large quantities of physiological saline solution injected 
intraperitoneally does not influence the microphone effect. After 
injection of 30 % NaCl intraperitoneally irregular but not re- 
duced potentials are observed. Reduction only sets in simul- 
taneously vnth death. Magnium sulphate in a 20 % solution 
yielded the same result. 

4) At the incidence of death the microphone effect is imme- 
diately reduced to about 1/5 of its original size and during the 
succeeding hours it decreases quite gradually till finally it com- 
pletely ceases. 

5) The microphone effect must presumably be regarded as a 
necessary link in the perception of sound. It is probable that tones 
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can be beard by the animal •within the same range of frequencies 
as it is possible to demonstrate the microphone effect with the 
technique here employed. 
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Since 0. WAitnuRG’s discovery (1927) of copper as a normal 
constituent of human serum, much work has been done in order 
t-o find a simple method for the microdetermination of copper. 
Among these methods, tlie best seems to be the colorimetric 
method, depending on the colourformation between copper and 
diethyl-ditliiocarbaraate. 

In 1908 DELf:PiNE described the constitution of diethyldithio- 
carbamate (thiocarbamate) and its ability to form with very weak 
copper solutions a very intense golden brown, to black colour. 
Delepint: also showed that this coloured substance is only slightly 
soluble in water, while it is easily soluble in ether and benzene. 
Delepine’s work was forgotten, and the reaction of thiocarbamate 
with copper was rediscovered by Gallan and Henderson (1929), 
and therefore the reaction at one time was called the Callan- 
HjsNDERSON reaction (Tojipsett 1934). 

A proper method for determination of copper with thiocarbamate 
in organic material must include: 1) Liberation of copper as cupric 
ions, 2) Removal or deionization of.iron, 3) Formation of the co- 
loured -substance on. addition of thiocarbamate, 4) Colorimetry, 
eventually after solution in a particular solvent. 

Liberation of Copper. 

In dry ashing the temperature must not exceed 400° C., if loss of 
copper is to be totally avoided (McFarlane 1932), and therefore 
wet ashing is quicker and safer. For this, sulphuric acid with 
perchloric acid, and sometimes also nitric acid, are generally used. 
Bbaun and Schepper’^ (1940) performed the ashing in test-tubes 



272 


A. LEVIN NIELSEN. 


of 25 ml, but in order to avoid any splattering from the tubes on 
vigorous boiling, tbe author has preferred to use microkjeldahl 
flasks of 40 ml. As nitric acid positively ensures against deficient 
ashing, 0.5 ml is used together ivith 0.2 ml sulphuric acid and 
0.1 +0.1 ml perchloric acid for 1 ml serum. For 1 ml of blood 
0.25 ml sulphuric acid, 1 ml nitric acid and 0.5 + 0.5 ml perchloric 
acid ^vill suffice. When the heating is commenced cautiously, de- 
struction proceeds smoothly. Towards the end of the destruction, 
a more intense heat is employed to remove the perchloric acid and 
decrease the amount of sulphuric acid. 

Deproteinization of serum by means of trichloroacetic acid, first 
used by Locke et al. (1932), who otherwise followed the original 
method of McFarlane (1932), has been claimed by Tompsett 
(1934) and Heilmeyer et al. (1941) to give the same result as 
ashing both in serum and whole blood. Still, Braun and Scheffer 
(1940) and Eden and Green (1941) prefer wet ashing. 

In a preliminary experiment with determination of the copper 
contents of 19 sera, duplicate determinations were made on each 
serum after asliing and after treatment with trichloroacetic acid. 
On comparison of the averages of the two duplicate determinations, 
the difference in no instance exceeded 2 %. Similar agreement was 
found in a series of determinations on 19 samples of oxalated blood. 
The deproteinization was performed on diluted serum (blood), 
1 ml of serum (blood) being mixed thoroughly with 3 ml of water 
prior to the addition of 1 ml trichloroacetic acid (20 %). After 
shaking, the mixture was left standing for 10 min., then centri- 
fuged (3000 revolutions) for 10 rain., and the copper content then 
determined as described below on 3 ml of the clear supernatant 
fluid. The agreement between corresponding values, obtained 
through ashing or trichloroacetic acid treatment, shows that it is 
not necessary to add hydrochlonc acid prior to the deproteiniza- 
tion, as it is in determination of the iron in contrast to the state- 
ment made by Schmidt ^1939). 

Inactrvaiion of Iron: 

As iron also forms a coloured compound with thiocarbamate, it 
has to be removed or deionized before the addition of tbiocarba- 
mate. Better than the precipitation of the iron as ferric hydroxide 
(Callan and Henderson 1929) and filtration or precipitation as 
pjTophosphate (Drabkin and Waggoner 1930) is the formation 
of a soluble complex between iron and pyrophosphate (McFar- 
lane) or citrate (Haddock and Evers 1932) at alicaline reaction. 
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WTiile some authors (ilcFARLAN’E, To.aipsetj’) employ a small 
excess of ammonia and heat for 10—15 minutes on a water bath, 
others (Eden and Green 1940, Heilmeyer et al. 194:1) prefer a 
great excess of ammonia ndthout heating, or sodium hydroxide 
(Lesne et al. 1936), or potassium carbonate tBR.4UN and Scheffer 
1940). Strange to say, none of the authors emphasize that ammonia 
is not particularly suitable for this purpose, if amyl alcohol is used 
for removal of the coloured compound. Ammonia dissolves readily 
in amyl alcohol and with the carbon dioxide of the air it may form 
a cloudv precipitate of ammonium carbonate in the alcohol, malcing 
photometric reading most uncertain. Therefore hydroxides or car- 
bonates of the alkaline metals — lithium excepted — are prefer- 
able. It proved quite satisfactory to add potassium carbonate and 
sodium pyrophosphate dissolved in the same solution (Braun and 
Scheffer). In the presence of greater amounts of iron, the fluid 
on addition of water and pyrophosphate-carbonate solution first 
becomes opaque, but in 5 — 10 min. it turns clear. Pyrophosphate 
solution with ammonia instead of carbonate shows similar features. 
The thiocarbamate is not added till the fluid is clear. 

Addition of Thiocarbamate. In 1 ml of deprotcinizated blood or 
serum or 1 ml of ashed serum the amount of iron will be le.ss than 
5 y. By examination of blank samples with and without addition 
of 5 y of iron it can be demonstrated that 0. b % pyrophosphate 
in the reaction mixture is sufficient to prevent any colour formation 
between the iron and the thiocarbamate in a concentration of 
about 0.02 % (0.4 ml of O.o % thiocarbamate solution to 8 ml). In 
acid ashing of 1 ml of whole blood, however, the amount of iron is 
about 0.5 mg. When tliiocarbaraate here is added without careful 
shaking of the solution, the formation of a colour between iron and 
thiocarbamate will interfere (Eden and Green 1940). Still better 
than adding a weak solution of thiocarbamate under constant 
shaking is the use of thiocarbamate dissolved in a 4 % pyrophos- 
phate solution. This solution keeps just as well as does the ordinary 
aqueous solution for a month, '\^’hen the thiocarbamate-pyrophos- 
phate solution is added during shaking, as much iron as 1 mg does 
not disturb. 

The smallest amount of thiocarbamate giving maximum colour 
with 1 y copper is about 0.05 mg. The author has used 0.4 ml of a 
0.5 % solution, i. e. 2 mg. Various authors use from 1 to 10 mg. 

Solvent. In 1932 McEarlane first used amyl alcohol for sepa- 
ration of the coloured compound. McEareane states that the am)’! 

18 — ' I ' lOOQfl . Acta pliiis . Scandinav . Vol . 7 . 
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alcohol has to be very pure, as otherudse the colour will he un- 
stable. hrom this work amyl alcohol appears to be the solvent 
commonly used for the copper colour. The mutual solubility 
between water and amyl alcohol makes it necessary to keep the 
proportion between the alcohol phase and the aqueous phase con- 
stant. Experiments have shown that when 8.5 ml of water are 
shaken with 2 ml of amyl alcohol, the Volume of the alcohol phase 
will be altered less than 1 %. Further, repeated shaking of a frac- 
tion of the water phase with amyl alcohol has shown that, at the 
most, 0.3 % of the whole colour remains in the water phase. Other 
solvents, e. g. dilate ethyl alcohol (Schmidt 1939) or carbon tetra- 
chloride (Haddock and Evers 1932, Nydahl 1939) offer no 
particular advantage. Carbon tetrachloride yields no stronger 
colour than amyl alcohol. 

Separation of Amyl Alcohol, In order to remove the tiny droplets 
of water which remain suspended for some time in the amyl alcohol, 
centrifuging is safer than the use of ‘'copper-free” filter-paper. 
Centrifuging for 30 min. (3,000 revolutions) in ordinary centrifug- 
ing tubes gives no measurable concentration of the amyl alcohol, 
which has been demonstrated by photometry of the colour of the 
solution before and after centrifuging. 

Colorimetry, After centrifuging, the amyl alcohol is transferred 
by pipette directly to the 60 mm long microcuvettes of the Pulfrich 
photometer; the ordinary photometer lamp and filter 43 are em- 
ployed; amyl alcohol is used for comparison. 

Calculatory factor. Through 28 analyses of dilutions of a stock 
solution — 0.3926 g CUSO4, 5 HoO p. anal, in 1 liter glass-distilled 
water-ranging from 0.0005 to 0.002 mg Cu, the calculatory factor, 
i. e., the factor wliich multiplied with the extinction gives the 
copper content in y%, has been found to be 0.1993 (s = i 0.00172). 
For 0.001 mg Cu in the analysis (2 ml amyl alcohol), or 0.100 mg%, 
the average extinction E,.r,o n,ni — 0.5017 {0,502}. 

Control Experiments, In two ways I have shown that the colour 
estimated by photometry is due to the copper content of tne 
serum and to nothing eke. In the first place, an absorption curve 
from a serum analysis, obtained by plotting the extinction with all 
the filters of the photometer, has exactly the same form as the 
corresponding curve obtained from a pure copper solution. In the 
next place, the development of the colour may be prevented by 
addition of KCN (0. 4 ml of a 1 % solution), as the cyan ion removes 
the cupric ion by forming cuprocyanide. 
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That the analysis is quantitative is evident from Table 1. 


Table 1. 

Eecovcrt/ of Cu added to Sera ivith Known Ou Content. 
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Blanh Value. As even the best analytical preparations contain 
a trace of copper, a blank value is unavoidable. As a rule, the blanlc 
value corresponded to 0.15 — 0.20y Cu or about 15 % of the normal 
copper content of 1 ml of serum. Of the reagents used, ordinary 
cone, sulphuric acid was found to contain less copper than ana- 
lytical sulphuric acid. Isoamyl alcohol that has been used once may 
be used again after fractionated redistillation 3 times. Potassium 
carbonate and sodium pyrophosphate are purified separatedly 
in concentrated solution by addition of tniocarbamate and shaldng 
with amyl alcohol. After evaporation and heating in an electric 
oven to 550° for 2i hours the thiocarbamate is clarred; the carbon 
is removed by filtration through suction filter G4, after the rea- 
gents are dissolved for use. Only ordinary distilled water was em- 
ployed, but redistilled water may be required. 

Every working day both blank value and a standard solution 
were determined. 

Reagents: 

Sulphturic acid, concentrated. 

Nitric acid pro anal. 

Perchloric acid pro anal. (sp. gr. 1.66). 

Trichloroacetic acid, redistilled pro anal. 

Isoamyl alcohol pro anal., boiling point 130°. 

Pyrophosphate-carbonate solution: 250 g. potassium carbonate 
dissolved in about 450 ml distilled water. After cooling, 20 g sodium 
pyrophosphate (anhydrous) is dissolved in this solution, and the 
flask is filled to the 600 ml mark (then filtration if required). 
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Sodium diethyl-dithiocarbamate pro anal, 0.6 % solution in 
4 % sodium pyrophosphate. 

Contamination. In order to avoid errors, the glass utensils have 
to be cleaned wth chromic acid. As rubber contains a great deal 
of cojjper, water which has been standing in a rubber tube must 
not be employed, nor rubber stoppers in the tubes containing the 
blood specimens. Paraffined corks proved suitable. The blood was 
taken from the veins by means of stainless steel needles without 
stiklte. After withdrawal of the blood, the needle was cleaned with 
distilled water and dried at 100^ (in an ordinary needle box). 

Determination after Ashing. In a microkjeldahl flask, 1 ml. of 
serum together with 0.2 ml sulphuric acid, 0.5 ml nitric acid and 
0.1 ml perchloric acid is heated — at first gently, then after 10 
min. and addition of a second dose of 0. 1 ml perchloric acid in- 
tensely — till onl)’- a few drops of clear fluid are left. After coohng, 
(5 ml of distilled water are added, then 2 ml of pyrophosphate- 
carbonate solution and — after shaking, wlien the fluid is per- 
fectly clear — 0.4 ml (8 drops) thiocarbamate and 2 ml of amyl 
alcohol. After very thorough shaking in the flask, the mixture is 
poured into an ordinary centrifuging tube and centrifuged for 10 
min. Then the supernatant fluid is transferred directly (by means of 
a pipette) to be microcouvette for photometry. Ashing of 1 ml of 
blood is carried out with 0.25 ml sulphuric acid, 1 ml nitric acid 
and 0.5-1- 0.5 ml perchloric acid. 

Determination after Trichloroacetic Acid- Precipitation. One ml of 
serum (blood) is mixed thoroughly with 3 ml distilled water; then 
1 ml of 20 % trichloroacetic acid is added. After additional shaking, 
the mixture is left standing for 10 min., and then centrifuged for 
10 min. 3 ml of the supernatant fluid is transferred to a micro- 
Ivjeldahl flask; 1 ml of pyrophosphate carbonate is added, then 4 ml. 
of distilled wmter; then the further procedure is the same as after 
ashing. After subtraction of the blank value, the result has to be 
multiplied by 1.67 (|). 

Acid ashing has proved superior because of its simplicity and 
the easy cleaning of the utensils. 

Summary. 

Description is given of the author’s modification of McTarlanb s 
method for determination of the copper content of blood and serum 
by means of diethyl-dithiocarbamate. 
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Experiment-s show that acid ashing and tricliloroacetic acid 
treatment give the same results. 

For alkalinization the addition of ammonia in excess is unsuit- 
able as it may be precipitated in the amyl alcohol as ammonium 
carbonate. In determinations on whole blood the presence of iron 
after asliing may cause an error which is avoided most easily by 
adding the tbiocarbamate dissolved in a solution of pyrophosphate. 
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The question as to whether lack of nitrogeii in, food produces 
a desire for foods containing proteins demands a critical con- 
sideration of the selection tests to which experimental animals 
are subjected. 

As already stated in Communication I (1944) we must consider 
whether the substance in question in itself exercises a positive 
or negative cliemo-taxis even before there is a lack of it in the 
food. 

With protein experiments in fuUi/-nourisJted animals three alter- 
natives can be imagined: 

a) the protein tested in the selection experiment possesses a 
negative chenio-taxis, 

b) the protein, in its taste effects etc., is neutral. The quota 
vdU lie rmmd about 50, 

c) the protein has a positive chemo-taxis effect. Even the 
animals fully supplied with nitrogen prefer the food contaim'ng 
this protein. The quota will exceed .50. 

If the lack of nitrogen increases the desire for protein it may 
be expected that in every case the quota will be higher than 
those obtained from fully-nourished animals. In alternative a) 
the quota values need not rise above 60, because there can be a 
certain aversion from the food substance. 

The following experiments, carried out according to the method 
described in Communication I, seem to show that lack of nitro- 
gen produces an increased desire for protein in the experimenta 
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animals: rats. Naturally tlie investigation is in no way exhaustive, 
but rather preparatory to later, more exact, investigations. Under 
present conditions there have been difficulties in testing the 
effects of a large number of pure proteins; nor have the experi- 
ments been placed in relation to the metabolism of nitrogen in 
the animals. Such estimates will certainly in the future be spe- 
cially illuminating in regard to the starting-point of the desire 
for protein. Investigations having as their object the need for 
the vital amino-acids (called by the author “vitamino-acids”) 
have not yet been carried out, and therefore we do not yet know 
whether the animal’s organism has the capacity to discover them 
when mixed with different food substances. In this there lies 
ready to hand a large and interesting sphere for nutritional in- 
vestigation, and I hope to return to it. 

Tests with Casein. 

9 animals, 6 males and 3 females, taken direct from the mother 
(circa 1 month old, average weight 37 g). 

Foods: a, rich in frotein: 

wheat starch 62 g per 100 g dry food 

casein (not free of water) 20 

yeast 6 

mixed salts 6 

arachis oil 6 

Cod liver oil 0.6 

N content ca 2.74 % — 17.1 % protein. 

b, poor in protein: 

the same as a, only with the difference that the casein was 
replaced by wheat starch: then the starch content is 82 % of 
the dry food. 

N content 0.53 % = 3.3 % protein. 

70 g Avater was mixed into 100 g of the dry food. 

During the first 6 days the animals were allowed to choose 
between the two foods. As is shown, these animals taken direct 
from the mother and therefore presumably having received an 
optimum supply of protein, show a marked negative chemo-taxis 
for the food rich in casein (fig. 1). All the quotas lie below 50, 
between 23 and 34 (= 5 days). 
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irom the 6th to the Idth day the animals received food poor, 
in nitrogen (b., N = 0.63 %). After that, from the 15th to the 
26th day, they were again allowed to choose between the two 
foods (but with 2 short periods of 2 and 1 day with food poor 
in protein). The negative chemo-taxis for casein had now dis- 
appeared. The laclr, of nitrogen during the 9 days had produced 
an increased desire for protein. All the quotas now lie above 60. 
The highest value is 83. 

Choice 
between 
casein and 


casein-free Casein-free Choice as in the first 
Qnot; food. food. period 



1 2 3 4 5 7 9 11 13 15 17 19 21 23 25 

Days. Pig 1 


The figure here given represents the average values of the 
quotas in all the animals. 

It is interesting to note that there are inditudual variations in 
the animals. An examination of each animal shows that ikey dll 
react to lack of protein in the same way in -principle: it induces an 
increased consumption of the nitrogenous food. Yet there were 
individual differences, which is not at all surprising. The study 
of the consumption habits of the different individuals gives an 
opportunity to distinguish the different types, which is perhaps 
simpler and more objective than any other method. We shall 
return to this question later. 

As examples of the individual differences the quotas are ^ven 
from the two extreme cases in this experiment, namely for animal 
71, (female) and animal 69, (male). 
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Table showing S- extreme cases as regards cliemo-taxis for casein 
before and after a period of N-starvation. 


Test days 


Individual quota 
Animal 71 fem. Animal G9 male 


1 : 16 38 

2 15 49 

3 2 31 

4 2 54 

b G 52 

G — ^14 N Starvation N Starvation 

15 58 55 

16 94 66 

17 — _ 

IS — — 

19 S7 67 

20 95 32 

21 — — 

22 63 71 

23 79 82 

24 83 81 

25 93 78 

26 81 62 


No 71, a female, shows a specially marked negative chemo- 
taxis for casein food (average quota S). After 48 hours it practi- 
cally refuses to select this food. After N-stnrvaihn, however, the 
aversion has completely disappeared. The consumption rises to 
an average quota of SI. 

No G9, male, shows a very inconsiderable aversion for casein. 
The average quota before the N-starvation is 45. After it the 
quota rises to an average of 66. 

The varpng intensity in the reaction after nitrogen starvation 
clearly invites the conclusion that the intense desire for nitrogen 
in nimiber 71 is produced by the low nitrogen consumption 
during the first 5 days, -while number 69 in this preliminary 
period maintained a rather considerable, nitrogen consumption, 
resulting in less desire for protein. The explanation is plausible 
and consistent but demands more experimental material for its 
confirmation. 

The change in the animals’ selection of food must be con- 
nected with changes in the bodily condition on account of the 
lack of nitrogen. The food in each of the two cups is the same 
and tastes the same in the introductory experiments when the 
animals are fully nourished as in those made mth the same animals 
after a period of nitrogen starvation. 
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In principle the same result has been obtained in a second 
experiment with casein which is represented in fig, 2, 

Choice between casein 
and food withont 

Choice between casein and protein (Patent floor 
Quot: patent flour protein. replaced by rice starch). 

100 I — — 


1 2 3 4 5 
Days. 


8 10 12 15 17 19 22 24 

Kg. 2. 


This experiment was carried out as follows: 

7 rats, reared on mixed food, rich in protein (skim-milk etc.) 
were allowed to choose between the following 2 foods: 

a) complete food with 21,2 % casein and patent flour as a 
carbohydrate source. N = 6,2 %. 

b) the same food bi7t wdthout casein. The casein was replaced 
by a corresponding amount of patent flour. N — 2.1 %. 

A certain amount of N was thus already supplied by the flour; 
the a food (casein food) was, however, more than double as rich 
in nitrogen. 

During the first 12 days the animals showed a specially marked 
aversion from the casein; the quota was even lower on the average 
than in the pre'V'ious experiment. 

After that the flour was replaced by rice starch m both foods. 
The N content fell to 3.9 and 0.6 % respectively. Thus, the casein- 
free food became almost wholly lacking in protein. 

It is now seen that from the 15th to the 25th day the quota 
shows a continuous rise. The casein becomes more and more 
desirable, so that the quota approaches 50. Yet a certain in- 
hibition continues to assert itself. The consumption during the 
22nd to the 25th days ought, however, to cover the animals’ need 
for protein: 1.6, 2.0, 2.1 and 2.0 g N respectively. 
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Experiments with Sernni-Albiimin. 

Circumstances prevented more than a small quantity of serum- 
albumin being at our disposal (Merck). The experiments Tvere 
therefore only carried out on a limited scale. 

4 rats (2 males and 2 females), taken direct from the mother 
at 1 month (average weight when the experiment began 64 g), 
were given the food described in the previous experiment, only 
that serum albumin was substituted for the casein. N content 
of the albumin food w’as 2.7 %, of the albumin-free food 0.53 %. 

Only 3 preparatory experiments could be made. After that the 
animals were put on the N-poor food. The results are shown 
in the following table: 

Table showing the selection of food containing serum albumin 
after 10 days starvation. 


Experiment day Quota 

1 41 

2 50 

3 50 

4 — ^13 N-stnrvation 

14 55 

15 61 

16 59 


This experiment shows in principle the same result as the 
casein experiments. The material, however, is not sufficiently 
large for valid conclusions. For the 3 day periods before the N 
starvation the 2 males show'ed on the average quotes 38 and 33, 
after it 61 and 57. The females had, before the N starvation, 
secured for themselves a relatively rich supply of N by the quotas 
52 and 67. After it they U'ere 50 and 63 respectively. 

The experiments differ from the casein experiments chiefly 
in that the negative taxis in the fully-nourished animals is less 
marked in the males and is absent in the females. 


Experiments with IVheat Gluten. 

In these experiments the same food was used as in that with 
albumin, only with the difference that w'heat gluten was sub- 
stituted for the albumin. 9 rats (6 males and 4 females), one 
month old, taken direct from their mothers, were allowed to 
choose between the food containing gluten and that -vvithout it. 
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In 6 days the following average figures for quotas were ob- 
tained: 

Experiment dny Quota 

1 51 

2 70 

3 02 

4 68 

5 60 

G 71 


These albunnuous substances thus showed a positive chemo- 
taxis already vdthout a Nitrogen starvation period. The indiAudual 
variations are not specially noticeable. Calculating the average 
quota for each animal, one is found to have the quota 50. The 
quotas of the others varied between 56 and 77. 

As the wheat gluten is attractive to the animals already before 
there is any lack of nitrogen, these proteins are not particularly 
suitable for testing whether such a lack increases the desire for 
protein. Further experiments in this matter have not been made. 

Summary. 

1) In fully-nourished animals casein shows a negative chemo- 
taxis. After some days without nitrogen in the food this aversion 
decreases considerably. The quotas approach 50 and often rise 
considerably above it, so that the animals in certain cases practic- 
ally speaking consume only the casein-rich food, while they leave 
the nitrogen-poor food almost untouched. 

2) In fully-nourished animals serum albumin is almost neutral 
(quota value round about 50). After N-starvation the average 
values for the quotas rise. 

3) In fully-nourished animals the wheat gluten has already 
a marked positive chemo-taxis (quota value up to 71). 

4) The changes in the animals^ selection of food must be con- 
nected with changes in the bodily condition on accoimt of lack 
of nitrogen. The food in the 2 cups is the same and has the same 
taste in the preparatory experiments when the animals are fully 
nourished, as in those carried out with the same animals after a 
period of nitrogen starvation. 

Be.ference. 

WiDMARK, E. M. P.: Acta physiol. 1944. 7 . 
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In 1908 Abelous and Baedier found a pressor base in urine 
wliich they called urohypertensin. The active principle was later 
thought to be identical with tso-amylamine, isolated by Barger 
and Walpole (1909) from putrid meat. Bain (1914) isolated a 
pressor base from urine and concluded from the chemical data 
and the biological action that it was iso-amylamine. In urine 
from normal subjects Euler and Sjostrand (1942) found greater 
amounts of a pressor principle — which was believed to be iden- 
tical with Bain’s substance — than in urine from hypertensives. 

Recently Helwer, Kohlstaedt and Page (1939) have drawn 
attention to the fact that nicotine may appear in smoker’s urine 
and give rise to a pressor action in urine extracts. 

In a study of the pressor activity of the urine of various ani- 
mals it was found that ether extracts of cow’s urine exerted a 
strong pressor action on the blood pressure of the cat. As certain 
facts indicated that the active principle was neither iso-amyl- 
araine nor nicotine an attempt was made to isolate and charac- 
terize the pressor substance. 

Preparation of the Substance. 

Cow’s urine was concentrated in vacuo at a slightly acid reac- 
tion and subjected to continuous ether extraction at pH 10. 
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The active substance was removed from the ether with acidified 
water and steam distilled at pH 10. The distillate was neutralised 
with picric acid and the active substance purified by fractionated 
crystallization. 

The active principle was isolated as a cristalline picrate (Tig. 
1) which melted at 141—142°. Assuming that the base combines 
with 1 equivalent of acid, its molecular weight would be approxi- 
mately 80. The free base is volatile and passes in the first por- 
tions when subjected to steam distillation. Prolonged heating 
in alcaline solution exceeding pH 10 inactivates the substance. 



Fig. 1. Microphotograph of picrate crystals of the active base from ethyl-alcohol 

— water. ( x 20). 


Biological Actions. 

In the biological assay during the purification work, it proved 
useful to employ nicotine as a standard, since the actions of the 
two substances were very similar on the blood pressure of the 
cat and on the isolated intestine of the rabbit (fig. 2). Certain 
differences in action were noted, however, as regards the details 
in the pressor or motility curves. 1 mg of the crystallized picrate 
corresponded to the action of about 15 [ig nicotine base. 1 mg 
of the free base approximately equalized the action of 0.05 mg 
nicotine, though variations in the relative action were observed 
in some animals. 

The pressor action was either unchanged or increased by cocaine 
in distinction to fso-amylamine (Tainter, 1933). The pressor action 
was reduced, but not abolished, by ergotamine in doses of 1 — 2 
mg/kg in the cat. 

Occasionally the action on the blood pressure of the cat or on 
the isolated rabbit’s intestine was very weak, but in these cases 
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nicotine too, had a correspondingly slight action, indicating that 
both substances have a similar mechanism of action. 

Even on the respiration the action of the new base closely 
resembled that of nicotine, in that respiration was strongly re- 
inforced reflexly. This action disappeared after denervation of the 
chemoreceptor regions. 



Fig. 2 . A. Blood pressure, ent, cblornlosc. 1) 3 mg crystnllino picratc, 2) 0.05 mg 
nicotine. B. Babbit’s isolated intestine. 1-3-5) 0,01 mg nicotine, 2 and 4) 1 and 
0.5 mg crj*stallino picratc respcctivel)’. C. Rabbit’s blood pressure, urethane. 

1) 0.1 mg nicotine tartrate, 2) 3 mg crystalline picratc. 

It is inferred from these observations that the active principle has 
a general synaptotropic action like that of nicotine. The presence 
of a substance of this kind in normal urine may be of physiolo- 
gical significance. It is also e\’ident that it differs from the other 
physiologically occurring synaptotropic substance, acetylcholine, 
as there is no indication of a muscarine-like action. 

Summary. 

A physiologically active volatile base has been isolated as pic- 
rate from cow’s urine. 

Qualitatively its action resembles that of nicotine on the blood 
pressure of the cat and rabbit, the motility of the isolated intes- 
tine of the rabbit and the respiration on the cat, though it is 
about 20 times weaker. 

The action is not abolished by cocain and is partly inhibited 
by ergotamine. 
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The possible physiological significance of the occurrence in nor- 
mal urine of a substance with a general s5maptotropic action is 
pointed out. 

I wish to acknowledge the valuable technical assistance of Sir 
E. OsTLUND in connection \vith this work. 
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Experimental facts are in full agreement with the conception 
that the gastric phase of gastric secretion is mediated by a hu- 
moral mechanism. E.xperiments concerning the origin, chemical 
nature and the mode of liberation of the active principle or prin- 
ciples have however given conflicting results. 

^lanj’’ facts suggest that the humoral principle is liberated 
by some process confined to the pyloric mucosa. In experiments 
on dogs it was shown by several members of the Pavlov school 
that chemical or mechanical stimulation of the mucosa of an 
isolated pyloric pouch initiated gastric secretion in the main 
stomach (Gross 1906, S.a.vitsch and Zelioxv 1913 and others). 
These results were confirmed by Lur, and JIacCarthy 1925, 
who observed a slight gastric secretion also after mechanical stim- 
ulation of the mucosa of the main stomach. From these and 
later experiments (Gregory and Ivy 1941) Ivy and his colla- 
borators conclude that the hormonal mechanism is mediated 
also by other mucosal regions than that of the pylorus. Experi- 
mental evidence presented by Uvnas (1942) indicates that the 
cephalic phase of gastric secretion is mediated by a neuro-hor- 
monal mechanism, the hormonal agent being liberated from the 
pyloric mucosa by vagal impulses. 

Since the work of Edkins (1906) many attempts have been 
made to isolate a gastric secretory excitant from the pyloric 
mucosa. Active mucosal extracts were obtained by Popielski 

19 — i'i0099. Acta pht/s. Scandinav. VoJ.7. 
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(1909), Emsmann (1912), Ehrmann (1912), Keeton and Koch 
(1915), Luckhardt et al. (1920), and others. As active extracts 
were obtained from various regions of the alimentary canal as 
well as from other tissues and organs, the hormonal nature of 
the active pyloric principle was doubted. In 1932 iSachs, Ivy, 
Vandolah and Burgess were able to isolate crystalline hista- 
mine from extracts of the pig’s pyloric mucosa. According to 
these authors their experiments offered strong evidence in favour 
of the %’iew that in acid extracts of the pyloric mucosa histamine 
is the sole secretory excitant which is active when the extracts 
are introduced subcutaneously. According to Gavin, McHenry 
and Wilson (1933) the fundic mucosa also contains histamine. 
80 per cent of the total histamine content of the stomach mucosa 
was found in this region. 

In a preliminary report Komarov (1938) claimed to have ex- 
tracted from the pyloric mucosa of dogs a gastric secretory exci- 
tant not identical with histamine. The active agent was obtain- 
ed in the protein fraction of the extracts. In Ivy’s laboratory 
these findings could not be confirmed (Ivy 1941). Using Ko- 
marov’s extraction-technique Uvnas (1942, 1943), however, 

found a histamine-free secretory agent predominantly localized 
in the pyloric mucosa of dogs, cats and pigs. The chemical pro- 
perties strongly indicated that the active agent was of protein 
nature. 

During the last year we have continued our research into the 
chemical nature and the physiological properties of the pyloric 
principle. A later paper by Komarov (1942) dealing with this 
subject did not, unfortunately, reach us until late this autumn, 
owing to interrupted postal communications. 


Experimental. 

Method of assay. 

Tests of the preparations were made on cats previously starved for 
24 hours. The anaesthetic used was a mixture of chloralose and urethane. 
During a short ether anaesthesia O.os gm chloralose and 0.5 gm ure- 
thane per kg body weight were slowly injected intravenously. In 
most experiments the vagi were exposed in the neck and cut. The 
trachea was cannulated and the oesophagus tied in the neck. The 
stomach was drained by a thin perforated rubber tube introduced 
through a glass cannula inserted in the stomach wall just proximal to 



FURTHER STUDIES OK THE GASTRIC SECRETORY EXCITANT. 29l 

the pyloric region. The cannula -n-ith the rubber tube was pushed out 
through a stab wound in the left abdomen. The duodenum was ligated 
just pro.\'imal to Tater’s ampulla. After the abdominal wall was closed 
the animal was placed on its left side, the front half of the body some- 
what higher to facilitate the outflow of the gastric juice. Then the 
animal was left for about one hour before testing was started. 

The e.T:tracts to be tested were generally suspended in O.o per cent 
XaCl-solution and made slightly acid to Congo by adding a few drops 
of X HCl. The solution was injected — if necessary after centrifuging 
— into the iliac vein at a rate of 0.4 ml per minute. After 30 minutes 
the injection was stopped and the secretion allowed to decline to the 
basic level. This was usually the case within 30 minutes after the end 
of the injection. 

The secrctor}’ volume was measured every 15 minutes. The secre- 
tion during the GO minutes following the starting of the injection was 
taken as a measure of the actitdty of the c.xtracts. In order to facili- 
tate the comparison of the activity of tlic different extracts this was 
expressed in secretory units. The quantity of active material causing 
in GO minutes the secretion of I ml strongly acid gastric juice in a cat 
weighing 2 — 3 kg was taken as containing a secretory unit. If pos- 
sible, doses initiating a secretion of 5 — 15 ml in 60 minutes were cho- 
sen. A secretorj’ respon.«c below 2 — 3 ml was taken to be inconclusive. 

The total acidity of the gastric juice was determined colorimetric- 
ally, phenolphtalcin being used as indicator and N/10 NaOH as base. 

As observed by Uvn.Xs (1943) it was seen now and then that the 
secretoiy' response to the extracts declined during the course of an 
experiment. Tlie extracts therefore were tested rcpeatedlj’ and on dif- 
ferent animals. 


Mode of proparation of tbo active material. 

Our earlier investigations of the distribution and chemical proper- 
ties of the pyloric principle were carried out on crude preparations 
simply precipitated from HCI-mucosal extracts by trichloracetic acid. 
Further studies on tbc chemical nature and the physiological proper- 
ties of the activ'c agent nece.ssitatod the prejjaration of a purer material. 
Owing to the great cost and the difficulty of obtaining sufficient 
amounts of trichloracetic acid, other ways of getting reliable crude 
preparations were tried. Of the numerous possibilities investigated, 
precipitation of the HCl-extracts with 20 per cent NaCl was found to 
be the most promising. 

A. Crude preparations jrom pyloric mucosa of cats. 

The pyloric mucosa was removed, minced with scissors, suspended 
in 10 volumes of X/10 HCI and treated for 30 minutes in a water batli 
at 100° C. The acid extracts stored in the refrigerator retained their 
activity unchanged for several days. After centrifuging and filtering 
through cotton wool the acid filtrate was neutralized with N NaOH 
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to pH 3 — and precipitated witli an equal volume of 20 per cent 
trichloracetic acid. 30 minutes later the precipitate was centrifuged 
off and washed three times with 40—50 volumes of 10 per cent tri- 
chloracetic acid in saline, several times with 50 volumes of acetone, 
once with benzene and 2 — 3 times with ether, and dried at 37° C. The 
resulting white powder was then stored in the refrigerator. This mode 
of preparation always resulted in crude extracts of high activity. 

B. Crude preparations from pyloric mucosa of pigs. 

E^raction xoith ECl. Stomachs of recently MUed pigs were kept on 
ice and carried from the slaughter house to the laboratory within 1—2 
hours after the death of the animals. The stomachs were washed under 
running tap water and the pyloric mucosa separated. In most experi- 
ments the mucosa was ground in a mincing-machine, in others it was 
only roughly cut into pieces. The mucosa was then thrown into boil- 
ing N/10 HCl, 200 ml HCl being used per stomach. The temperature 
was maintained at about 90° C for about 30 minutes and was then 
allowed to fall. After a day or two — the mixture could be left at 
robm temperature for days without appreciable loss of activity — the 
mucosal fragments were removed by filtering through gauze. By ad- 
ding N NaOH the mixture was neutralized to a pH of 3 — 4. A 
precipitate containing inert material was removed by centrifuging for 
10 minutes. Care must be taken not to neutralize beyond pH 4, to 
prevent active material being thrown out with the inactive. The 
centrifugate was filtered through cotton wool to remove fatty sub- 
stances floating on the fluid. 

Precipitation with NaCl. Sodium chloride was dissolved in the fil- 
trate to give a 10 per cent solution. By adding the same volume of 
saturated sodium chloride a concentration of about 20 per cent was 
obtained. A precipitate formed. After about one hour the material 
was centrifuged just sufficiently to throw the precipitate into a com- 
pact layer. 20 — 30 minutes were necessary. The supernatant fluid 
was removed and the sediment gathered in a glass vessel. To remove 
as much water as possible the precipitate was centrifuged once more 
for 45 minutes. It was then washed several times with 10 — ^20 volumes 
of acetone. During this procedure the precipitate acquired a tenacious 
consistency and stuck to the vessel walls. The washmg had to be re- 
peated imtil this consistency had quite disappeared and the preci- 
pitate was dry. It was then washed twice with benzene and three times 
with ether. The residue was dried by air and if correctly prepared 
a white-yellow, fine powder was obtained. The yield amounted to 
4 — 7 gm dry substance per stomach. 

Numerous methods for the purification of the NaCl-precipitate have 
been tried. Two reliable, simple procedures will be described by which 
more then 95 % of inert material was removed. 

I. The tannic add method. 

a) Predpitation mth tannic add. The dried NaCl-precipitate was 
suspended in N/10 HCl for 30 minutes at a temperature of about 90° 0 
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and stirred frequently. 100 ml HCl was used to dissolve a quantity 
of dry substance corresponding to one stomach. After cooling the un- 
dissolved residue was centrifuged off. The fluid was neutralized with 
2s" NaOH to a pH of about 3 as described previously and 5 ml of a 5 
per cent tannic acid solution added. A grey-white precipitate appeared. 
This was centrifuged off and washed once with saturated sodium chlo- 
ride solution, twice with acetone, once with benzene and twdee with 
ether. The precipitate was left to dry by air. 

b) Walling icith alcohol. The actis'c principle was found to be prac- 
tically insoluble in 80 per cent alcohol. By washing the tannic acid 
precipitate with acid alcohol a considerable amount of inert mate- 
rial could therefore be removed. An amount of dry substance corres- 
ponding to one stomach was suspended in 75 ml 80 per cent alcohol 
containing 1 ml of 10 N HCl per 100 ml alcohol. The mixture was stir- 
red at room temperature for 15 minutes and the imdissolved residue 
centrifuged off. 

c) Precipitation at pH S.O. The wet residue from the above was 
dissolved in 0.9 % NaCI-solution, 50 — 75 ml being used for an amount 
of dry .substance corresponding to one stomach. After 15 minutes’ 
stirring at about 40® C anj' po.ssible undissolved material was centri- 
fuged off. Drops of 2s NaOH were added to a pH of S.o. This gave a 
precipitate containing inactive material which was centrifuged off. 

d) Precipitation xrith trichloracetic ackh The clear fluid from the 
above acidified to pH 3 — with N HCl, and trichloracetic acid, in 
substance or in 20 % solution, was added to a final concentration of 
10 %. The active agent precipitated was centrifuged off and washed 
twice in acetone, twice in ether and dried by air. 

In some experiments the wet residue from the alcohol-washing was 
suspended directly in a Sorenson phosphate buffer with a pH of S.o 
and at a temperature of 40® C, the same amount of 27aCl-solution 
being used as in the procedure described above. The undissolved 
residue was removed by centrifuging and the clear fluid treated 
as in I d. Both procedures gave highly active preparations. 

II. The trichloracetic acid method. 

a) Precipitation xcith trichloracetic acid. The dried NaCI-prccipitate 
was extracted in 27/10 HCl as described under la. jVfter removing un- 
dissolvcd material and neutralizing to jd! 3 — 4, an amount of 20 % 
trichloracetic acid solution was added to give a concentration of 10 %. 
The resulting precipitate was centrifuged down for about 30 minutes 
and then washed several times with acetone, twice witli ether and 
dried by air. 

b) Washing xcith alcohol. Washing the dried precipitate from the 
above with 80 % acid alcohol was done as described under I b. The 
procedure in some e.xperiments removed considerable amounts of in- 
ert substances. In others it was less effective. In some of the purify- 
ing experiments this step was therefore excluded. ^ 

c) Precipitation at pH S.O. The procedure was identical with that 
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described under Ic. The dried trichloracetic acid precipitate from II a 
or the wet residue from 11 b was dissolved in NaCI-solution or phos- 
phate buffer and further treated as described above. 

d) Precipitation with trichloracetic acid. The clear fluid obtained 
after procedure II c was acidified to pH .3— i with N HCl, and tri- 
chloracetic acid added in substance or in 20 % solution to give a final 
concentration of 10 %. The precipitate formed containing the active 
agpnt was centrifuged off, washed twice in acetone, twice in ether and 
dried by air. 

By this procedure of prcci])itation with trichloracetic acid a selec- 
tive precipitation was apparently obtained, the preparations al- 
ways being highly active. 

The activity of the preparations. 

Tlie crude preparations from the pyloric mucosa of cats always 
showed a high activity. The average yield calculated from ten 
preparations amounted to about one secretory unit per G mg of 

drv .substance. 

«/ 

Precipitation of the HCl-extracts from the pyloric mucosa of 
pigs with 20 per cent sodium chloride proved a very reliable 
procedure. Intravenous injection of an amount of dried preci- 
pitate, corresponding to one-fifth of the plyoric mucosa from 
one .stomach cau.sed an abundant secretion of gastric juice. 
This was the case whether the mucosa was minced or only 
roughly cut into pieces before the e.vtraction with HCl. In the 
latter case however smaller amounts of inert material were ex- 
tracted. Calculated in secretory units extractions of minced mu- 
cosa yielded on an average one unit per 155 mg of dried NaCl- 
precipitatc, while those of only roughly cut mucosa gave one 
unit to about 50 mg. 

The increase of the activity of the preparations during the 
different stages of purification is illustrated in table 1. As seen 
the activity rose successh'ely to one secretory unit per 2 — 5 
mg of the dry material, indicating that more than 95 per cent 
of the inert substances was removed. Usually only slight losses 
of active material occurred during purification. A comparison 
with the activity of a commercial secretin preparation considered 
to be of a high degree of purity^ showed that 3 — 5 mg of this 
substance must be injected intravenously to give a reliable pan- 
creatic secretion in a cat. 

Numerous other ways of isolating the pyloric agent were tried. 
The active principle could be precipitated isoelectrically, uith 


1 Pnnereotest, Astrn. 



FuuTinm sTcmns ok the oastuic secrktory excitakt. 295 


Tnblc I. 

The sccreforit ndh-iii/ of the preparation!^ at different stages of 


purification. 

Activity 

, . in met dry 

Active nmten:!!. (from pig) substance 

per secret- 
ory unit. 

XaCi'prtcipitfitv (muvos..^ only roitplily cut in pieces before lICl-cx- 
Sraetip.n) ,(5 

I, The tnnnie .nrid metliod; 

ft) dried reMtliie .ifter tannic acid precipitation IS.O 

b) dried rt'^idtie unshed nith SO % acid rilrolioj :j.7 

f) tiri'Nl f»--i<!i)e nrter jirecijiit.ation «t pH S.P nnd precipitation 

vitb trichloraw'tie acid 2.0 

ll. 'I’ii'' trichloracetic acid method: 

a) dried rr'idne nfter tite first trieldoniretie ncid precipitation .. 5.0 

b) dn’''i) midiie avn^JjerJ ivitb SO % .acid alcoho! 4,.1 

e) dtir\l ntHidtic aficr prr-cijdt.ttion nl pH S.O nnd preeijiitation 

tvith triciilnmcctie acid 2.3 


Diptnpiiosplioric acid. p}io.';p]ior-tung.«tic acid and 80 per cent 
acid nlctiiiol. 3ro.sl of the procediirc.s tried cntised no selective 
prccipitatioji however. Now and then pre})arJition.s of liigh purity 
v.’cre obtained but in these cases tlie los.s of activity was too high 
to allow tlic procedtire to be n.'ied a.s a routine jnethod. 

No furter .sludie.s of the chemical propcrtic-s of the active prin- 
ciple wore made. The contamination by inert material was too 
high to jtennit valid conclusion.^ regarding the molecular struc- 
ture. Apj)!irentJy it is of protein nature and, ns discussed later in 
thi.s paper, .shows chetuical and phy.siologicnl proportie.s .similar to 
secretin but differ.'; from thi.s hormone in other ro.spccts. 


Physiological properties of the pyloric principle. 

The secretory rosponso to purified substance. 

The gastric .secretion induced by crude pyloric preparntion.s 
from cut, dog and pig has been previously studied in this lab- 
oratory (Uv.v.AS 1942, 1913). The extracts were, in those experi- 
menf.s too, administered .slowly intravenously to cats. The vol- 
uine, acidity and peptic activity were determined. The secre- 
tory response to purified preparations did not differ in principle 
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EXTd.ISM 
550 MG 



Fig. 1. Gastric secretion after slow intravenous injection of three different 
preparations from the pig’s pyloric mucosa. 

a) Cat 3.1 kg. A crude NaCl-precipitate. 550 mg injected. 

b) Cat 3.0 kg. A preparation purified by the tannic acid method. 30 mg injected. 

c) Cat 3.5 kg. A preparation purified by the trichloracetic acid method. 20 mg 
injected. 


from that of crude extracts. The secretion usually began about 
5 minutes after starting the injection, then gradually increased 
for 0 — 10 minutes, and then proceeded at a constant rate. 
After the injection was stopped the secretion continued for 
10 — 15 minutes at maximal rate, then usually declined, reaching 
the basic level in 30 minutes after the end of the injection. The 
gastric juice was always strongly acid, the total acidity usually 
exceeding 150 milli equivalents per litre. The peptic power of the 
juice declined during the course of the secretion to very low 
values indicating that the excitatory principle strongly acti- 
vated only the HCl-glands. A more detailed study concerning 
the peptic secretion will be published later. 

Tig. 1 a, b and c show typical secretory responses to the injec- 
tion of a crude NaCI-precipitate and two purified preparations 
from the pyloric mucosa of pigs. 550 mg of a crude NaCl-precipi- 
tate was suspended in 30 ml saline made slightly acid to Congo 
with N/HCI. After continuous stirring for 15 minutes at 40° C, 
it was centrifuged and the clear fluid slowly injected into the 
ihac vein for 30 minutes. A copious secretion of strongly acid 
juice amounting to 20.8 ml in 60 minutes was evoked (fig. 1 a). 
The undissolved residue showed no secretory potency when 
further extracted with acid saline. In fig. 1 b, 30 mg of a pre- 
paration purified by the tannic acid method was dissolved in 
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15 ml of acid saline, and injected intravenously in the usual 
way. 12.2 ml gastric juice was secreted in 60 minutes. Kg. 1 c 
represents the secretion after the injection of 20 mg of a prepa- 
ration obtained by the trichloracetic acid method. 10.6 ml gastric 
juice was secreted in 60 minutes. 

As preAuously observed in this laboratory (Uwas 1943) the 
secretory response to crude preparations frequently declined 
during the course of an experiment. Sometimes this was also 
seen when purified substances from pigs were used. Except for 
this inhibitory effect on the gastric secretion no toxic influences 
whatever could be observed. Peculiarly enough the inhibitory 
effect of the preparations from pigs often seemed to be selectively 
confined to the secretorj'' activity induced by extracts from these 
species, the secretory response to extracts from the pyloric mu- 
cosa of cats being still unchanged. We do not know the reason 
for this inhibitor)' effect. Possibly it is due to some specific in- 
hibitory substance (enterogastrone?) or to some desentisitation 
process induced by protein imjmrities in the preparations. 


On the specificity of the pyloric principle. 

Effect on pancreatic secretion. Precipitation of HCl-extracts 
from duodenal mucosa with 20 % NaCi and 5 % trichloracetic acid 
according to (Ivy and others 1930) and others gives a high yield 
of secretin. As this hormone occurs in smaller amounts also in 
the pyloric mucosa our crude preparations were expected to in- 
duce a slight pancreatic secretion as well as the gastric secretion. 
Our expectation was fulfilled. A slight pancreatic secretion was 
evoked by intravenous injection of some specimens of the crude 
preparations from the pyloric mucosa of cats as well as pigs. 
However, a secretory response of the pancreatic gland was by 
no means always found. That the pancreatic secretion was 
not induced by the gastric secretory excitant was further in- 
dicated by the fact that the pancreatic excitant differed from 
the gastric excitant as regards its solubility in ethyl alcohol. 
The two experiments representated in table II A and B illustrate 
this fact. The flow of pancreatic juice from the cannulated pan- 
creatic duct was registered by an electrical drop recorder. In- 
travenous injection of tw'O crude pyloric preparations one 
from the cat and one from the pig — both induced an abxmdant 
secretion of gastric juice and a slight pancreatic secretion. Crude 
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Table II. 

Gastric and pancreatic secretion after intravenous administration of 
crude, alcohol-washed or purified substances from the pyloric mucosa 

of cats and pigs. 

Active material. 


Stage of purification 

mg 

Gastric 
secretion ml 

Pancreatic 

secretion 

drops 

A. A crude trichloracetic acid precipitate 



from cat 

75 

12 

11 

The trichloracetic acid precipitate from 
the above washed with 80 % acid alcohol 

65 

10 

0 

B. A preparation from pig precipitated with 




20 %NaGland 10 % trichloracetic acid. . 

50 

9.0 

. 5 


A preparation from pig precipitated with 
20 % NaCl and washed with 80 % acid 


alcohol 

40 

7.0 

0 

A preparation from pig purified by the 
tannic acid method 

40 

14 

0 

Secretin 

5 

0 

41 


preparations washed with acid 80 % ethyl alcohol still activated 
the gastric glands. The pancreatic gland did not respond at all. 
It was invariably seen that alcoholic washing of the crude 
material removed the pancreatic stimulating agent, and no pan- 
creatic secretion was seen when purified preparations were used. 
This fact is also illustrated in table II B, where the administra- 
tion of 40 mg of a substance prepared from the pyloric mucosa 
of pigs by the tannic acid method caused a secretion of 14 ml of 
gastric juice. No pancreatic secretion was observed. A following 
intravenous injection of 5 mg of a commercial secretin prepara- 
tion^ induced an abundant flow of pancreatic juice (41 drops). 
No gastric secretion was evoked. 

Effect on bile secretion. In these experiments a glass cannula 
was inserted in the common bile duct and the bile flow registered 
by an electrical drop recorder. The gall bladder duct was ligated 
to exclude the influence of gall-bladder contractions. 

Some of the crude preparations from the pyloric mucosa of 
cats and pigs caused a slight increase of the bile flow. Purified 
substances, however, did not noticeably increase the bile flow, 
when injected in doses, which caused a copious flow of gastric 
juice. 


' Pancreote.st, Astra. 
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Fig. 2. Cat 3.1 kg. Blood pressure response to intravenous injection of two py- 
loric preparations from the pig and of histamine. 

1. SO mg of 0 . preparation purified bj* the trichlorneetic acid method. 

2. 70 mg of a preparation purified by the tannic acid method, 

1 y histamine biphosphatc causes a great fall of the blood pressure. 


Effect on salivary secretion. A glass cannula was inserted in 
the subraaxillary duct and the salivarj’’ flow electrically recorded. 
Salivary secretion was not seen after the administration of crude 
or purified pyloric preparations. Electrical stimulation of the 
peripheral stump of the lingual nerve before and after the ad- 
ministration of the preparations was always carried out as a con- 
trol of the recording arrangement. 

Effect on blood sugar. Ivy and Fisher (1924) claimed to have 
obtained an insuline-like principle from the gastric and duodenal 
mucosa. Our active preparations did not influence the blood 
sugar level. The blood sugar was determined by the Crecelius- 
Seifert method. 

Effect on gastric motility. The influence of the pyloric prin- 
ciple on the gastric motility was also investigated. The stomach 
movements were recorded by a water manometer connected 
with a thin rubber balloon inserted in the pyloric region of the 
stomach. The rubber balloon was distended by a pressure of 
10 — 20 cm of water. No muscular movements induced by in- 
travenous injection of crude or purified active preparations were 
seen. 

Effect on blood pressure. It was previously observed that crude 
preparations from the dog (Komarov) or the cat (Uvhas) did 
not contain significant amounts of histamine and did not in- 
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fluence the blood pressure, when injected intravenously. This 
fact could be confirmed in our purified substances. A change in 
blood pressure of the cat was not seen after intravenous injection 
of doses causing an abundant gastric secretion (see fig. 2). 


Biscussion. 

The observations presented in this paper confirm our earher 
conclusions regarding the chemical nature of the pyloric prin- 
ciple and are in accordance with the view of Komarov as pre- 
sented in his recent paper (1942). . 

As the gastric secretory excitant is destroyed by pepsin, tr}^- 
sin (duodenal juice) and is amply precipitated by NaCl, trichlor- 
acetic acid, phosphor-tungstic acid, tannic acid and other reliable 
protein precipitants, the protein nature of the active principle 
must be regarded as established. As regards chemical properties 
it shows great similarities to secretin. The substances are found 
together in the NaCl- and the trichloracetic acid precipitate. 
They show similarities in their solubility in some organic sol- 
vents and in their resistance to acid and alkaline solutions. 
However they differ in other respects, e. g. in their solubihty 
in ethyl alcohol. 

As far as has been investigated the pyloric principle selectively 
activates the gastric glands. No salivary, pancreatic or bile sec- 
retion is induced by the intravenous injection of doses, which 
evoke a copious secretion of gastric juice. The gastric juice ob- 
tained is strongly acid but poor in pepsin. These facts indicate a 
specificity of the gastric secretagogue as pronounced as that of 
secretin, which selectively activates the pancreatic gland and 
causes the secretion of a sodium bicarbonate solution of low en- 
zyme content. 

Strong experimental evidence favours the \dew that the hor- 
monal mechanism of gastric secretion is chiefly confined to the 
pyloric mucosa, the secretory agent being liberated from this 
region (Gross 1906, Zeliony and Zavitsch 1913, Klein 1935, 
UvNAS 1942 and many others). When in 1932 Sachs, Ivy, Bur- 
gess and Vandolah succeeded in isolating crystalline histamine 
from the pyloric mucosa this was taken to indicate that hista- 
mine was identical with the supposed gastric hormone. Yet some 
experimental facts argued against this theory. Histamine was 
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found in most of the tissues and organs of the body, and Gavin, 
McHenry and Wilson (1933) showed that the histamine con- 
tent of the corpus mucosa was even greater than that of the 
pyloric mucosa. 

The secretory principle studied in this work is a specific gastric 
secretory agent predominantly localized in the pyloric mucosa. 
It shows no histamine-like properties but is undoubtedly of pro- 
tein nature. Physiologically as well as chemically it seems to be 
related to secretin. All these facts strongly indicate that the active 
principle isolated from the pyloric mucosa is identical mth the 
gastric hormone, gastrin, the excistence of which was assumed by 
Edkins (1906). 

Summary. 

A gastric secretory excitant is isolated from the pyloric mu- 
cosa of cat and pig. The agent is of protein nature. 

Two reliable methods for the preparation of the active prin- 
ciple in a relatively pure state are described. The methods in- 
volve the precipitation of HCl-mucosal extracts with NaCl and 
further precipitation with tannic acid or trichloracetic acid. Inert 
material is removed by washing with 80 % acid alcohol and iso- 
electrical precipitation at pH 8.0. Finally the active material is 
precipitated wth trichloracetic acid. 

The active agent selectively activates the gastric glands, the 
gastric juice obtained being strongly acid but poor in pepsin. 
Salivary, pancreatic or bile secretion are not influenced by the 
agent. 

The gastric secretagogue shows physiological as well as che- 
mical similarities to secretin. Identity with the supposed gastric 
hormone, gastrin, is probable. 
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In a study McFarland and Forbes (1940) analyzed the effect 
of variations in the concentrations of oxygen on dark adaptation. 
A decrease in sensitivity was observed witli lowered concentra- 
tions of oxygen (13.3, 11.4 and 10.0 per cent oxygen). Both the 
rod and the cone portions of the curves plotted from data secured 
with an apparatus built according to specifications outlined by 
Hecht and Shlaer (1938) w'ere influenced in a similar way. 
These effects were counteracted by inhaling oxygen. There ap- 
peared to be a fairly close relationship betw^een the extent of the 
impairment in the final rod threshold of each subject and his 
ability to tolerate the effects of acute anoxia as judged by his 
general condition. 

The same authors then studied the influences of hypoglycemia 
on dark adaptation by injecting insulin. The thresholds were 
raised as soon as the effects of insulin produced a faU in the blood 
sugar. If afterwards the blood sugar was raised by ingesting 
glucose, the average threshold fell to the normal level or below it. 

Considering among other things the circumstance that drivers 
of motor vehicles from time to time inhale appreciable quantities 
of carbon monoxide, it has appeared to us to be of interest to 
study the influence of this on dark adaptation. If a considerably 
lowered dark adaptation were to constitute a clear symptom of 
carbon monoxide intoxication, this might involve added traffic 
risk when driving at night if the driver were exposed to dazzle 
from the headlights of meeting cars. 

The subjects used were persons aged about 20 years, who as 
far as was kno%vn had not previously been exposed to the effects 
of carbon monoxide or producer gas. An appropriate quantity of 
carbon monoxide (150 — 200 ml) was introduced into a Krogh's 
spirometer filled with air. The subjects were required to inhale this 
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mixture for 20 minutes. The oxygen consumed was replaced by fresh 
from an oxygen bomb. Immediately after the inhalation of carbon 
monoxide was completed the degree of saturation of the blood 
was determined spectrophotometrically both by Heilmeyer's 
method (1933) and by Havermann's method (1940) both as mod- 
ified by Brunius. The results obtained were almost entirely in 
agreement. Before and after inhalation of carbon monoxide the 
dark adaptation of the subjects was determined. Of a total of 
14 subjects, 9 were examined Yuth an adaptometer, built in this 
•country according to the description by Hecht and Shlaer, and 
5 with biophotometer. The carbon monoxide content of the blood 
varied from 5 — 30 %. Cyanosis, dyspnoe or increase of pulse 
was not observed in any of the cases. One subject with 30 % 
narbon monoxide haemoglobin had a slight transitory headache. 
Otherwise there were no subjective troubles. All the subjects 
continued to carry out their usually work in the laboratory. 
These observations are entirely in agreement with what Sjo- 
STRAND (1942) has stated earlier. 

The following results were obtained. With biophotometer de- 
termination no diminution in dark adaptation could be observed 
in any case. With examination by the adaptometer the values 
given below were obtained. 


Subject 

% CO-baemoglobin 
in the blood 

Thrcshold-valnes. after 30 min. 
dark adaptation 

before j after 

inhalation of carbon monoxide 

1 

10 

3.65 

3.75 

2 

13 

3.48 

3.56 

3 

21 

3.25 

3.50 

4 

21 

3.96 

4.30 

5 

22 

3.40 

3.48 

6 

25 

3.80 

4.05 

7 

26 

3.60 

4.25 

8 

26.6 

4.10 

4.10 

9 

30 

3.60 

3.60 


As the threshold values on adaptation examination have been 
stated in logarithmic units, it is clear that in tests 4 and 7 there 
•exists a considerable diminution of dark adaptation, in tests 3 
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and 6 a clear and in the remaining tests little or no diminution. 
There exists no parallelism between carbon monoxide content of 
the blood and diminution of dark adaptation. 

As stated in the introduction, the threshold values of dark 
adaptation are influenced by the sugar of the blood. Numerous 
research scholars have shown that in lack of oxygen, or carbon 
monoxide poisoning, there arises from time to time a more or 
less pronounced rise of blood sugar. (See e. g., Araki 1891, 1894, 
Moeschuno 1939, VaRAby 1942). In cases 1, 2 and 4, the blood 
sugar was determined before and after inhalation of carbon 
monoxide. The changes were minimum and could not in these 
cases have had any effect on the dark adaptation. 

SIcFarland and Forbes drew the conclusion from their ex- 
periments that the changes in dark adaptation observed by 
them must be attributed rather to influences on the \nsual organ 
nerve tissues or on the brain than on the photo-chemical processes 
in the retina. The experiments dealt with here would rather seem 
to indicate that the change of dark adaptation in question is not 
due to direct influence of the carbon monoxide on the restitution 
process in the retina, as it has not been possible to show any 
appreciable connection between the carbon monoxide content of 
the blood and the diminution in dark adaptation. 

Summary. 

Inhalation of carbon monoxide, producing contents of carbon 
monoxide haemoglobin up to 30 %, causes a diminution of dark 
adaptation, sometimes considerable sometimes smaller or none. 
It cannot be excluded that this condition may have practical 
significance for motorcar dri’vdng in the dark, e. g., in conjunction 
with dazzle when meeting. 
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On account of the labile nature of oxaloacetic acid an accurate 
determination is difficult to obtain by the methods hitherto em- 
ployed, in which the oxaloacetic acid is determined directly or 
through the amount of COj formed by decarboxylation. 

A colorimetric method for direct determination is outlined by 
Stbaub (1936). The principle is as follows: oxaloacetic acid forms 
4-Nitrosopyrazolon-3-carbonic acid with hydrazine and nitric acid, 
which compound in alkaline solution has an intensive yellow 
colour; the concentration can then be determined colorimetrically. 
The method is rapid and gives the oxaloacetic acid present in 
amounts of 0.3 to 1.5 mg. with good accuracy. 

The principle of the other methods is that oxaloacetic acid 
is decomposed to 1 molecule of pyruvic acid and 1 molecule of 
COj. This fact Osteen (1933) has used for working out a mano- 
metric method with the Warburg technique. The reaction pro- 
ceeds in acid acetate buffer at 6° with aniline as catalyst. Edson 
(1935) has modified this method; the determination is carried 
out at 21°. The reaction takes place in a solution, containing 
citric acid and aniline citrate. By these methods the values of 
oxaloacetic acid are found too low owing to the spontaneous 
decarboxylation before starting the measurement of the CO 2 form- 
ed. Steaub (1936), too, has outlined a method for estiruating 
oxaloacetic acid by the COa formed. Here the oxaloacetic acid 
reacts in alcoholic solution with aniline. The COa developed is 
absorbed in Ba(OH)a solution and determined by titration with 
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HCI. The accuracy is ± 6 per cent for amounts between 0,5 to 
1 mg. 

Common to these methods is that only the amount of oxalo- 
acetic acid which is present at the end of the enzymatic reaction 
is determined. The part which is decarboxylated spontaneously 
is, however, not determined, hence the end result is too low. 
This error is considerable when the reaction takes place in acid 
medium. 

In the following pages a method is outlined for the determina- 
tion of oxaloacetic acid in enzyme experiments. The oxaloacetic 
acid is transformed into pyruvic acid, which is estimated together 
with the pyruvic acid formed spontaneously. In this way the 
amount of oxaloacetic acid which has not yet taken part in the 
enzymatic reaction is determined. 

Experiments. 

A. Preparation of substrates. Oxaloacetic acid was synthesized 
according to Wohl and Osterlin (1901) and pyruvic acid ac- 
cording to Wohl and Maag (1910). 

B. Determination of optimal conditions for decarboxylation. The 
velocity of the decomposition of oxaloacetic acid with COa and 
P3n:uvic acid in dilute sulphuric acid is determined at different 
temperatures. The course of the transformation is measured ceri- 
metrically. Fromageot and Desnuelle (1935) have performed 
a method for determination of pyruvic acid by oxydation into 
acetic acid by ceric sulphate and titration of the excess with 
ferrous ammonium sulphate. We have, however, titrated the ex- 
cess of ceric sulphate iodometrically, because it is convenient to 
use sodium thiosulphate, the titre of which is practically constant 
for a long time. Unfortunately it is impossible to titrate oxalo- 
acetic acid accurately according to this method. By titrating, 
1 mol. of oxaloacetic acid is foimd to correspond to about 3 to 
4 equivalents of oxygen, which indicates that the reaction stops 
at different stages. It is possible, however, to follow the decom- 
position, as pyruvic acid uses two equivalents of oxygen, the 
oxaloacetic acid thus using decreasing amounts of ceric sulphate, 
as the decarboxylation advances. The decarboxylation is com- 
plete when the solution consumes the amount of ceric sulphate 
which corresponds to the amount of pyruvic acid, which theore- 
tically can be formed. One mol. of oxaloacetic acid (M = 132) 
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forms one mol. of pyruvic acid (M = 88) i. e. the pyruvic acid 
formed is ~ls of the oxaloacetic acid decarboxylated. 

The practical procedure is as follows: in a series of tubes 1,00 
ml of a solution containing about 10 mg oxaloacetic per mi 
is pipetted. To this is added 4 ml of H2O + 0,5 ml dilute H2SO4 
(6n). The tubes are placed in water-bath at a fixed temperature, 
at suitable intervals a tube is taken out, cooled in ice-water. 
Then 10 ml dilute ceric sulphate are added (Fromageot and 
Desnuelle 1935) and after 5 minutes the excess is titrated with 
0.1-n thiosulphate. The results are given graphically in fig. 1. 
The abscissa is the time of reaction in minutes. 



Fig. 1. The abscissa is time of reaction in minutes. The ordinate is amount of 
oxygen ec[uiYalents in per cent of the amount which corresponds to total 

decarboxylation. 


The ordinate is amount of oxygen equivalents in per cent of 
the amount which corresponds to total decarboxylation. Simul- 
taneously with these experiments the stability of pyruvic acid 
is determined under the same conditions. 

It appears from fig. 1 that the most favourable temperature for 
decarboxylation is 70°. Here the destruction of pyruvic acid is 
practically zero and the space of time where the content of pyru- 
vic acid does not deviate more than + 1 per cent from the theore- 
tical amount which can be formed from the initial oxaloacetic 
acid, is 40 min. The time of decarboxylation is 160 min. from 
the moment when the test has been placed in the water-bath. 
On account of the relatively rapid decarboxylation at 80°, viz. 
40° min., this temperature might be used, although the scope 
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Tvliere the pyruvic acid formed only deviates 1 per cent from the 
theoretical value is only 10 min. In order to decide what is the 
most convenient, varying amounts of oxaloacetic acid were pi- 
petted into a series of tubes to which water and dilute sulphuric 
acid in the above mentioned proportions were added. The tests 
were placed in water-bath at 80° or 70° for 40 respectively 160 
min. The experimental results are given in table 1 and 2. The 
content of oxaloacetic acid is computed from the pyruvic acid 
determined analytically by multiplication with 1.5. 


Table 1. 

Decarboxylation at 80". 


j Ox. ac. 

i in the test 

j mg 

Ox. nc. 
fonnd 
mg 

A 

Deviation in 
per cent 

i 11.4 

10.8 

-0.6 

— 5.3 

I 9.11 

8.86 

- 0.25 

-2.7 

j 7.88 

8.57 

+ 0.49 

+ 6.2 

1 6.83 

6.60 

— 0.33 

-5.5 

: 4.55 

4.56 

+ O.Ol 

+ 0.2 

2.28 

2.43 

+ 0.15 

+ 6.6 

l.U 

1.18 

+ 0.04 

4- 3.5 


Table 2. 

Decarboxylation at 70'. 


Ox. ac. 
in the test 
mg 

Ox. ac. 
found 
mg 

A 

Deviation in 
per cent 

9.75 

9.94 

+ 0.19 

4- 1.96 

9.75 

9.81 

+ 0.06 

4- 0.60 

4.88 

4.89 

+ 0.01 

4- 0.02 

4.88 

5.02 

+ 0.14 

4- 2.90 

2.44 

2.48 

4- 0.04 

4- 1.60 

2.44 

2.41 

— 0.03 

- 1.20 

1.22 

1.21 

-0.01 

- 0.80 

1-22 

1.21 

— 0.01 

-0.80 


It is seen from these two series of experiments that the highest 
accuracy is obtained by decarboxylation at 70°. It is of great 
importance that the temperature should not vary more than 
± 2° in order to obtain reproducable results. 
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B. The Analytical Procedure. 

Into a volumetric flask of 10 ml 0.5 ml of dilute sulphuric 
acid and a suitable amount of the test is pipetted and water 
is added. So much test is used that the final content of oxalo- 
acetic acid lies between 0.05 and 0.8 mg per ml. After dilution 
the flask is placed in the water-bath at 70° for a period of 160 
min., is next cooled quickly to room temperature and the volume 
is brought to 10 ml by adding distilled water. To 5 ml of this 
mixture is added 0.5 ml 10 per cent sodium wolframate solu- 
tion in order to precipitate the proteins. After filtering the con- 
tent of pyruvic acid is determined colorimetrically according to 
Straub (1936). 

Owing to small modifications of Straub’s method a short de- 
scription of the method used is given. 

To 1 ml of deproteinized test is added 1 ml of KOH solution 
(100 g KOH in 60 ml water) and 0.5 ml 2 vol. per cent salicylic 
aldehyde in alcohol. After standing for 10 min. at 37° the test 
and the blank are diluted with 10 ml water. Hereby the K 2 S 04 
separated is redissolved and centrifuging is thus avoided. 

The colorimetric determination is then carried out with 5 mm 
cuvette and filter S. 47 in Pulphrich Stufenphotometer. 

In table 3 the results of the analyses of oxaloacetic acid in 
water are recorded. 

Table 3. 


Determination of pure oxaloacetic acid in water. 


Ox. ac. 
in the test 
mg 

Ox. ac. 
found 
mg 

A 

Deviation in 
per cent 

0.060 

0.060 

+ O.ooo 

+ O.oo 

0.120 

0.1J6 

-t- 0.005 

+ 4.2 

0.180 

0.179 

— O.OOl 

- 0.66 

0.240 

0.248 

-i- 0.008 

+ J.26 

0.310 

0.308 

— O.002 

- 0.67 

0.361 

0.872 

+ 0.011 

+ 3.1 

0.421 

0.408 

— 0.013 

- 3.2 

0.481 

0.480 

- O.OOl 

-0.21 

0.641 

0.543 

+ 0.002 

+ 0.87 

0.601 

0.606 

+ 0.003 

4* 0.83 j 
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In table 4 tbe results of tbe analyses of oxaloacetic in a yeast 
extract not containing active carboxylase are recorded. 

Table i. 


Determination of oxaloacetic acid in solutions cojitaining yeast extract. 


j Ox. ac. 

I in the test 

! mg 

Oi. ac. 
found 
mg 

A 

Deviation in 
per cent 

i 

1 0A2t> 

0.422 

— 0,008 

-0.7 

1 0.255 

0.252 

- 0.008 

- 1.2 

1 0.085 

0.086 

+ O.OOl 

+ 1.2 


It appears from tbe last column of table 3 and 4 that tbe ac- 
curacy of tbe metbod is satisfactory. 

To get an estimate of tbe error wbicb would be made, when 
only tbe amount of oxaloacetic acid wbicb is not decarboxyl- 
ated, is determined, a known amount of oxaloacetic acid is in- 
cubated with carboxylase free yeast extract in acetate buffer 
(pH 5.9) at 37° for one hour. At tbe same time tbe pyru^dc acid 
formed by spontaneous decarboxylation is determined. 

Tbe results are given in table 5. 


Table 5. 

Determination of oxaloacetic acid in acetate buffer (pH 5.8) after 
incubation with yeast e.ri.ract one hour at 37°. 


Ox. ac. 
in the test 

mg 

Ox. ac. 
found 

mg 

Pyruvic 
acid found 

mg 

Ox. ac. 
dccarbo- 
xylatcd 

mg 

Remai- 
ning 
ox. ac. 

mg 

Remai- 
ning 
ox. ac.‘ 

mg 


0.426 

0.42S 

0.165 

0.282 

0.198 

>0.190 

45.4 

0.565 

0.258 

0.092 

0.188 

0.117 

>0.110 

45.8 

0.086 

0.084 

0.040 

O.OGO 

0.025 

> 0.024 

29.4 


It is seen that a considerable amount of oxalacetic acid bas 
disappeared tbiougb spontaneous decarboxylation, giving a false 
picture of an enzymatic reaction, wben oxaloacetic acid is deter- 
mined by one of tbe previously mentioned methods. 

* These values are obtained bj determining oxaloacetic acid according to 
Straub. 
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Biscnssiou. 

The present method has been worked out because it was ne- 
cessary in some investigations carried out in this institute to de- 
termine the total amount of oxaloacetic acid, which had not in- 
teracted in the enzymatic reaction. This can of course be done 
by combining the pyruvic acid determination with one of those 
for oxaloacetic acid. 

Yet it is simple and more accurate with one determination. 
Provided that no other substances, which reduce ceric sulphate 
are formed or disappear, the oxaloacetic acid can be determined 
as shown in B. On the other hand when alterations with regard 
to such compounds occur it is necessary to use specific reactions. 
In this case the method here described has proved to be more 
accurate than the methods previously outlined. 

If pyruvic acid is formed or disappears during the reaction 
the method cannot be used. In this case oxaloacetic acid is de- 
termined according to one of the methods mentioned above. 


Summary. 

1) In the present paper different earlier methods for determi- 
nation of oxaloacetic acid are mentioned. 

2) A method for the determination of oxaloacetic acid in bio- 
logic systems with special consideration of spontaneous decar- 
boxylation is described. 

3) The accurary of the method is elucidated by experiments. 
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The following pajjer deals with the cholesterol content in rabbit 
serum under normal and certain experimental conditions. The 
order of magnitude of the individual variations and the daily 
variations in one and the same test animal are elucidated. A 
report is given of experiments showing the influence of different 
degrees of inanition, bleeding anaemia, ether narcosis and dif- 
ferent surgical operations on the cholesterol content in serum. 
Such investigations are necessary for the evaluation of the alter- 
ations which can be demonstrated in connection vdth adrenalec- 
tomy and transplantation of adrenals, which will be the subject 
of a following paper. 


Material and Technique. 

In all experiments white rabbits have been used. The average weight 
of the animals has been about 2 kg. The animals were kept in separate 
cages under constant temperature. The normal diet has been kohlrabi 
and hay. The animals were kept on the diet for more than a week 
before experimentation. The animals were weighed each morning 
before feeding. In the diet experiments the weight of food eaten by 
the animal was determined very accurately. The cholesterol analyses 
were carried out according to Brun’s method (1935) in which both 
total and free cholesterol are determined. In this paper only the total 
cholesterol values are given. The haemoglobin concentration in blood 
was determined by the sicca-method (Hesse and Trier 1937). The in- 
accuracy of both methods was less than 2 per cent. 
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Experimental. 

I. Individual Variations and the Daily Variations 
in One and the Same Animal. 

Several authors state that the serum cholesterol varies con- 
siderably in different rabbits (Sv. Hansen 1927, Grigaut 1913, 
Starup 1937, Teilum 1940) whereas only a few authors (Mori 
and Reiss 1928, Starup 1937, Teilum 1940) seem to have wat- 
ched the same rabbit over a longer period. It is not possible from 
the works quoted above to state the magnitude of indi%ddual 
variations and the daily variations in one and the same rabbit, 
and therefore the following investigations were undertaken. 

Single de Germinations of serum cholesterol were carried out 
on 211 white land rabbits. The average value was found to be 
40.8 mg% vdth a standard de\dation of 14. S, There seems to 
be a slight difference between male and female (male rabbit 
(in all 109): 35.3 ± 13.1 mg%, female rabbits (in all 102): 46.8 
± 13.8 mg%). The difference between male and female is signi- 
ficant; the standard deviation of the difference of the two means 
is 1.85. 

Table I. 


Daily Variations in the Serum Cholesterol Content in 12 Babbits. 


Rab- 

bit 

No. 

Sex 

P 2. 

Total Bcrum cholestorol in mg per cent, 

Day 

Mean 

< 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

(? 


27.8 

31.9 

31.9 

O 

CO 

36.8 

32.7 

35.7 

35.2 

35.4 

26.9 

32.6 

10.8 

2 

3 

2,350 

19.9 

20.8 

24.7 

24.6 

27.9 

31.1 

25.1 

30.8 

28.5 

27.9 

26.0 

14.7 

3 

o 

T 

1,800 

30.7 

36.1 

26.0 

29.8 

34.7 

34.4 

40.1 

45.3 

25.1 

34.3 

34.7 

15.0 

4 

o 

T 

2,060 

33.8 

38.9 

26.6 


28.9 

24.6 

31.8 

30.9 

33.2 

26.3 

30.1 

15.2 

5 

o 

T 

1,700 

24.6 

32.4 

35.2 

32.6 

28.4 

27.9 

32.5 

35.0 

26.0 

22.0 

29.7 

14.0 

7 

? 

1,740 

47.9 

41.3 

45.6 

45.6 

40.8 

47.1 

57.2 

50.4 

46.0 

62.8 

47.4 

10.6 

8 

o 

T 

1,960 

26.2 

29.6 

26.6 

23.1 

20.4 

35.4 

33.8 

21.0 

21.7 

31.0 

26.4 

20.8 

12 

3 

2,100 

21.1 

31.1 

24.0 


19.9 

23.8 

32.2 

36.7 

30.1 


27.6 

20.4 

28 

3 

1,790 

31.8 

32.7 

34.6 


32.8 

32.7 

44.7 

55.2 

52.4 

52.6 

40.0 

25.2 

29 

$ 

1,950 

40.0 

40.8 

37.6 

37.2 

41.8 

46.2 

48.6 

39.7 

41.6 

41.3 

41.4 

9.6 

30 

o 

T 

1,830 

44.4 

46.0 

45.4 

44.6 

41.3 

43.8 

48.5 

43.6 

37.2 

41.7 

43.6 

5.8 

31 

o 

T 

1,730 

36.8 

42.3 

47.7 

39.6 

40.6 

40.2 

46.8 

47.4 

46.2 

51.2 

43.9 

9.6 
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The results of the investigations into the daily variations in 
the same animal are given in detail. 12 animals were watched 
for a period of 10 days with one double determination per day. 
3 ml. blood were taken daily. 

It appears from Table I that the serum cholesterol shows varia- 
tions from day to- day in the normal rabbit. The magnitude of 
these variations is different from animal to animal and the 
standard deviation of the average value for the period of 10 days 
varies from 5.8 to 25,2 per cent. The single fractions of total 
cholesterol vary in the same degree as total cholesterol. The 
variations are of the same order of magnitude in male and female 
animals, and within the same litters, viz. 1, 2, 3, 4, 5 and 28, 
29, 30, 31 belong to .same litters. 


n. Tho Influonoo of Bleeding Anaemia on the Cholesterol 

Content in Serum. 

It is a well known fact that bleeding is followed by hypercholeste- 
rolemia (Horiuchi 1920, Bloor 1920, Starup 1937). Staruf 
demonstrated that the hypercholesterolemia is due to oxygen 
deficiency, caused by the anaemia. It is of interest to find out 
the degree of anaemia which involves an increase in the serum 
cholesterol. Therefore the following experiments were carried 
out in which the animals were subjected to different degrees 
of bleeding daily. 

The animals in Table I were bled 3 ml. daily without any 
increase in the serum cholesterol. It is seen from Table 11, how- 
ever, that daily loss of 6 to 16 ml. blood is followed by a hyper- 
cholesterolemia. Babbits 72 and 74 thus show incipient hyper- 
cholesterolemia after 7 ml. blood have been drawn daily for 5 
or 6 days. It should be mentioned that increase occurs when 
haemoglobin ha.s fallen to 50 to 55 per cent and reaches maximum 
at about 30 to 30 per cent. Continued bleeding does not involve 
a further decrease in haemoglobin, the rabbit now being able to 
compensate for the loss of blood. Rabbit No. 7 has a pronounced 
capacity for blood regeneration, a loss of blood of 16 ml. daily 
being necessary to obtain a haemoglobin content of 35 per cent. 
The three rabbits in Table II all show incipient hypercholestero- 
lemia at 50 to 55 per cent haemoglobin, which may be considered 
the limit of risk of incipient hypercholesterolemia caused by 
anaemia. It should be mentioned that investigations on free 
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Total 
Choi, 
mg % 

O to 

•d -11 ci 

CO CO CO 

40.C 

43.8 

49.3 

55.6 

60.8 

77.3 

77.0 

78.0 

72.1 

77.8 

85.8 

94.3 

91.0 

0 ¥ 

d 

3 

rt 

a ^ 

70 

67 

65 

oiaocoococovr^oomcooo 

COmOiCvC2‘T}1rp'^*^T:iCOCOCO 

Blood 
drawn 
in ml 

to CO o 

*>*l>l>OOOiCiOiOiOOii5tC 


"Weight 
in g 

2,800 

2,780 

2,800 

2,860 

2,805 

2,770 

2,900 

2,785 

2,800 

2,830 

2,750 

2,745 

2,755 

2,765 

2,735 

2,730 


Total 
Choi, 
mg % 

16.0 

15.3 

15.1 

15.3 

19.6 

20.6 

25.8 

23.2 

28.4 

45.6 

41.2 

49.6 

31.6 

34.6 

33.9 

28.7 


Hb. 

% 

lO 

t- CO iTi 


d 




3 

1 cj 

Blood 
drawn 
in ml 

h- r- 


1 

Weight 
in g 

1,750 

1,660 

1,720 

1,685 

1,690 

1,760 

1,650 

1,880 

1,690 

1.740 

1,670 

1,680 

1,620 

1,600 

1,640 

1,620 


Total 
Choi, 
mg % 

15.9 

15.0 

16.3 

15.7 

23.5 

22.9 

23.8 

28.5 

25.6 

24.1 

27.9 

32.4 

34.7 

33.6 

32.0 

22.7 

Cl 

h- 

K ^ 

90 

80 

76 

O'^O’^COCDlOCOCOOCOOlM 

d 

•4<» 

3 

ei 

Blood 
drawn 
in ml 

r- 



Weight 
in g 

2,100 

2,090 

2,070 

2,110 

2,080 

2,110 

2,030 

2,100 

2,100 

2,110 

2,000 

2,000 

2,100 

2,000 

2,050 

1,960 

^ r? 

T-iNe(3'i'«0Ot^30<?5O»-<(Ma3'J'ino 

r-l rH ^ 
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and esterified cholesterol showed an equal increase of both during 
these experiments. 


IIL The Influence of Different Degrees of Inanition 
on Serum Cholesterol. 

Eothschild (1915), Shope (1927) a. o. have demonstrated 
that absolute inanition will provoke a rapidly appearing hyper- 
cholesterolemia. These results are confirmed in Table III, con- 
taining the data for three rabbits, which after a fore-period of 
two days do not get any food for 3 or 4 days. The increase in 
serum cholesterol amounts to 2 to 3 times the initial value. 


Table m. 

The Influence of absolute Inanition on Serum Cholesterol. 



Before 

inanition 

During inanition 


Days 

Days 


2 

1 

1 

2 

3 

4 

Rabbit No. 8. 

Totalchol. mg % 

Weight in g 

28.2 

2,490 

25.7 

2,500 

27.1 

2,300 

507 

2,270 

76.9 

2,025 

i 

Rabbit No. 82. 

Totalchol. mg % 

"Weight in g 

44.4 

2,400 

44.7 

59.7 

83.2 

81.1 

2,165 


Rabbit No. 33. 

Totalchol. mg “C 

"Weight in g 

40.6 

2,185 

53.1 

2,190 

63.2 

2,000 

82.6 

1,930 

64.9 

1,840 

99.9 

1,700 


Studies on partial inanition have not previously been reported. 
In connection with surgical operations the appetite of the rab- 
bits and their intake of food may be considerably decreased. 
It was therefore natural to examine the influence of different 
degrees of inanition. The results are to be found in Table • 
This table includes 2 animals, each of which in a fore-period 
have got a sufficient amount of food (400 g of kohlrabi). After 
the fore-period rabbit No. 7 got 100 g kohlrabi for 8 days (25 
per cent of the normal intake) and No. 73 200 g kohlrabi for 
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9 days (50 per cent of the normal intake). In both cases a con- 
siderable hypercholesterolemia occurs, in rabbit No. 7 after 
4 days and in rabbit No. 73 after 7 days. As the haemoglobin 
content of the blood in these animals does not decrease below 
55 per cent the hypercholesterolemia must be supposed to depend 
upon the reduced intake of food and not upon anaemia. 

IV. The Influence of Ether Nareosis and Surgical Operations 
on Serum Cholesterol. 

Ether narcosis in man is followed by a hypercholesterolemia 
(Mahler 1926, Bloor 1914, Reicheb 1908). Rothschild (1914) 
and Landau (1915) could not demonstrate a definite effect 
of ether narcosis on blood cholesterol in rabbits and Baumann 
and Holly (1923) found no change in rabbits after ether narcosis 
combined with different surgical operations. Baumann and HoLi.y 
have only carried out a few examinations, but the author has 
been able to confirm their results. 

In Table V ate given the data for two rabbits (No. 7 and 12) 
which have been narcotized with ether for half an hour (35 ml. 
ether). No changes in serum cholesterol could be demonstrated 
during the days following the narcosis. 

Table V also contains the results of experiments on four other 
rabbits. On rabbits No. 3 and No. 4 in ether narcosis 16 small 
pieces of psoas musculature were transplanted into the abdominal 
wall and on No. 9 and No. 10 a laparotomia with palpation 
of the intestines and adrenal regions were carried out. Neither 
of these procedures were followed by changes exceeding varia- 
tions in normal variations in rabbit serum cholesterol. 

Discussion. 

The experiments in this paper form the necessary basis of 
investigations on the influence of the adrenal cortex on the 
cholesterol content in rabbit’s serum. The serum cholesterol 
varies considerably in different rabbits and even in the same 
animal relatively big variations can be stated from day to day. 
These daily variations have not previously been reported. On a 
large material of white rabbits it is proved statistically, that the 
average value for serum cholesterol differs for the two sexes, 
the average value being bigger for female rabbits. This result 
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Table T. 

The Influence of Ether Narcosis alone and combined with surgical 
Operations on Serum Cholesterol. 



Before narcosis 

After narcosis 


Days 

Days 


3 

2 

1 

1 

2 

3 

.4 

5 

6 

Babbit No. 7. 
Weight in g. . . . . 
Totalchol. mg % . . 
Haemoglobin. % . . . 

2,505 

54.6 

95 

2,450 

51.2 

92 

2,435 

47.6 

85 

2,360 

50.7 

80 

2,410 

49.8 

80 

2,380 

49.1 

78 

2,385 

48.9 

75 

2,330 

51.2 

75 

2,350 

49.0 

75 

Babbit No. 12. 

Weight in g 

Totalchol. mg ?s . . 
Haemoglobin. % . . . 

2,890 

25.6 

95 

2,940 

25.6 

95 

2,930 

26.1 

90 

2,865 

28.6 

80 

2,820 

28.2 

80 

2,810 

29.1 

80 

2,770 

31.3 

80 

2,860 

30.7 

72 


Babbit No. .9. 

Weight in g 

Totalchol. mg . . . 

2,200 

34.7 

33.7 

40.7 

43.3 

38.7 

34.9 

38.1 

2,020 

30.1 

36.4 

Babbit No. 4. 

Weight in g 

Totalchol. mg % . . . 

2,190 

47.2 

35.7 

40.6 

47.7 

39.4 

36.2 

42.6 

2,000 

37.6 

44.3 

Babbit No. 9. 

Weight in g 

Totalchol. ms% . . . 

1,960 

24.7 

41.0 

29.8 

38.7 

32.3 

30.0 

32.8 

1,800 

35.7 

33.7 

Babbit No. 10. 

Weight in g 

Totalchol. mg % . . . 

2,130 

25.3 

28.8 

29.3 

28.0 

21.1 

29.2 

1,940 

22.0 

20.9 


is a confirmation of the results of Hansen (1927). Daily bleeding 
■wbicb is followed by a decrease in blood haemoglobin below 55 
per cent is followed by hypercholesterolemia, while Staeup’s 
(1937) results seem to indicate that hypercholesterolemia does hot 
start before the degree of 35 per cent haemoglobin. A moderate 
reduction of food intake, too, is followed by hypercholesterolemia. 

In rabbits No. 3 and No. 4 the ether narcosis ■n’as eombined with trans- 
plantation into the abdominal wall of 16 pieces of psoas mnsculatnre and in 
rabbits No. 9 and No. 10 with laparotomia with palpation of intestines and 
adrenal regions. 
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Botli moderate anaemia and partial inanition are thus sources 
of error rrhicli must be taken into consideration in work dealing 
with the part played by adrenal cortex on serum cholesterol, 
Neither ether narcosis alone nor ether narcosis combined with 
surgical operations corresponding to extirpation and transplanta- 
tions of adrenals seem to influence the serum cholesterol concentra- 
tion. 


Summary. 

The cholesterol content has been determined in the serum 
of more than two hundred white land rabbits. The average value 
for all animals was found to be 4U.8 mg per cent, the average value 
for the female rabbits being about 10 mg per cent higher than 
for male rabbits. A report is given of experiments shoving varia- 
tions in the same animal from day to day. Further the influence 
of different degrees of bleeding anaemia, inanition, ether narcosis 
and surgical operations is described. 
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Much, information is available regarding the ability of the higher 
animals to satisfy their need for calcium by the choice of such food 
as is rich in this substance, but this information is not usually supported 
by objective, quantitative measurements. 

Information is also available, but unchecked and lacking in detail, 
to the effect that children and pregnant •women sometimes scrape 
the lime plaster off •walls and eat it (“pica”); this is interpreted as an 
expression of a desire for calcium. 

Bovine osteophagia, in the nutrition anomalies of which cattle 
seek and consume bones, is regarded as due to a lack of phosphates 
in the food. This explanation is probably correct, but it may be quest- 
ioned whether there is not at the same time a desire for calcium due to 
its absence. However, feeding •with simple calcium salts is not sufficient 
to remove the cra-ving, though it seems that this may be done by feeding 
•with pure phosphoric acid. 

Under certain physiological conditions the need for calcium, and 
therewith the desire for it, is greatly increased. Probably the most 
striking example of this is the appetite of domestic fowls for material 
containing calcium during the egg-laying period. This question has 
been investigated by Hellwall (1939), whose observations will be 
here reported in detail. The shell of a hen’s egg weighs circa 4 g. One 
can therefore calculate, says Hellwall, that a normal egg-laying 
hen requires during the spring 20 g of lime per week for the formation 
of the egg-shell alone.^ 

In Hellwall’s experiment the hens as a rule stopped laying 4 
or 6 days after they were shut up in a lime-free room. The food con- 
sisted chiefly of maize, and the daily calcium yield amounted in all 
only to ca 0.3 g CaO. “Die Kalkhimger der Tiere nahm in diesen Tagen 
gerade zu groteske Pormen an. Sobald der VL (Versuchsleiter) erschien, 

' The calculation is much too high. An egg-shell can be assumed to contain 
2.1 g CaO; 20 g CaO -would therefore correspond to 9 — 10 eggs a -week. As the 
egg-shell contains ca. 94 % calcium carionate, the lime content must ho re- 
calculated according to this figure. 
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urn zu fiittern, stiirtzen alle Henne, selbst die sonst sehr Scheiien, 
herbei, und pickten wild nach den Knopfen seines Anzugs und nach 
seinen Fingernageln. Sie benihigten sicb erst, wenn er nicbt mehr zu 
seben war. Die Tiere scbienen also die Knopfe und Fingernagel als 
Kalk anzusprecben”,^ (p. 135.) 

Hellwall fed sucb calcium-deprived animals partly with imprepared 
maccaroni in pieces about 1.5 cm long, and partly with similar pieces' 
of maccaroni filled with pulverized egg-sbell and closed at the ends 
with dough. 5 hens received 60 pieces of prepared maccaroni and in 
this way consumed 3 — i g of calcium. The rest received just as many 
unprepared pieces of maccaroni, 4 hours later all the animals were 
placed “vor den Kalkhaufen”. The former group now consumed only 
27 g of calcium, the latter 91 g. A repetition of the experiment gave 
the figures 10 g and 91 g calcium respectively. The author deduces 
from his experiment that it is “die chemische Stimmung” in the orga- 
nism and not the smell or the taste which determines the desire for 
calcium, for the animals swallow the maccaroni pieces whole and there- 
fore cannot, in the author’s opinion, in any way known to us recognize 
the presence of the calcium through the senses. Thus, the “chemical 
reversal” of the organism in this way arises almost immediately; 
a remarkable observation. 

Heavy-milking cows need very much calcium, hlilk contains circa 
1.2 g Ca per liter. The daily production of, for example, 30 liters of 
milk would thus demand 36 g Ca daily, or something over 1 kg per 
month. 

Certain homed animals which shed their horns yearly must consume 
great quantities of calcium while the horns are growing, and their need for 
calcium is comparable with that of milk cows. A reindeer’s horn weighs 
about 3 kg. As the Ca content of the horn’s bony substance very nearly 
agrees with that of the other bone tissues (2) it may be assumed that 
it contains ca 20 % Ca. Thus, for every horn-forming season ca 600 g 
Ca above the normal need is demanded, in so far as such, considerable 
amounts are not mobilized from the bony system. That enormous need 
of Ca must be satisfied by a choice of Ca-rich food just during this 
period. 

Richter (1941) and his co-workers have, in a series of publications, 
reported their investigation of the choice of calcium in parathyroid- 
ectomized rats. These experiments are of particularly great interest 
for the question under discussion. 

The authors find that animals so operated chose of 2 vessels con- 
taining fluids the one containing calcium lactate and drank so much 
of it that the amount of calcium they obtained was sufficient for 
them to suppress the tetany and keep them alive. In those cases where 
the implantation of parathyroid tissue in the front chamber of the eye 
was successful the consumption of calcium lactate fell to normal figures. 
In 5 cases of operated rats, an increase of the basal food s calcium 
content resulted in their consuming only a normal quantity of the cal- 

* A more plausible explanation is perhaps the need of harder constituents in 
the crop for its functioning. 
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cium. lactate solution offered them. When parathyroid extract was in- 
jected, the “calcium appetite” did not fall to normal until the quantity 
per day was 100 units. A-T-10 in a quantity of 35 y per day reduced 
the desire for calcium to normal figures. 3,000 — 8,000 I U of irradiated 
ergosterol. Crystalline Dj and D 3 had the same effect. Cod-Hver-oil 
could not be given in quantities sufficiently large to have this effect. 

These experiments are extremely interesting, because they de- 
monstrate the efforts of the organism to counteract by food selectibn 
the disturbance of the composition of the internal mili eu due to a too 
low calcium content and indicated by low blood calcium figures. 
The author’s opinion is that the choice does not depend on “a trial and 
error process” but that a low or high calcium content in the blood 
“affects all the organs of the body, including the taste buds of the 
tongue”. 

The following experimental tests to determine the desire for 
calcium comprise choice experiments with growing rats according 
to the method described in Communication I (Widmaek, 1944). 

From a large series of experiments the 2 following are reported; 

Experiment I. Choice between calcium lactate and sodium lactate. 


Food composition. 

Rice flour 607 

Casein 210 

Dry yeast 59 

AracHs oil 59 

Cod-liver-oil 6 

Salt mixture 59 


The salt mixture was as follows: 

a) the calcium-rich mixture contained the following parts 


Calcium lactate 356 

Ferro-citrate 39 

Magnesium sulphate 57 

Calcium phosphate (primary) 158 

Potassium phosphate (secondary) 294 

Sodium phosphate (primary) 96 

b) the calcium-poor mixture consisted of: 

Natrium lactate (containing water) 472 

Ferro-citrate 30 

Magnesium sulphate 45 

Sodium phosphate (primary) 220 

Potassium phosphate (secondary) 233 
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The calcium content of the Ca-rich food was 15 mg per g dry 
food, in the Ca-poor food 2 mg. 100 g of water was added to 
100 g of dry food; 

Fig. 1 shows the results of the experiment. 



12 3*56 7 2 0 23 25 27 3 0 3 2 


Choice betvrecn 12 days Choice between Ca-lnctate and 
Ca-lactote and without Ca-poor food after deprivation. 

Ca-poor food Ca 

Fig. 1. 

It is clear from the first measurements that the animals show 
almost a negative chemo-taxis for the calcium-rich food: the 
quota during the experiment^ did not exceed 43. After 12 days 
of the Ca-poor food the choice quota rises to above 50, and the 
highest value is 72. 

The indi\’idual quotas, however, show great variations, which 
are illustrated in the following table: 


No: of animal 

Before Ca restriction 

After Ca restriction 

(average of 7 days) 

(average of 11 days) 

8 

42 

70 

9 

4 

45 

10 

6 

30 

11 

75 

68 

12 

7 

66 

13 

16 

82 

14 

53 

74 

15 

57 

59 

16 

7 

43 

17 

71 

76 

Average for all animals 33 

61 
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The table shows that all the animals except one (No: 11) showed 
an increased calcium choice after the period of Ca-poor food. 
Before this period certain animals show an aversion to the cal- 
cium-rich food (6 out of 10), in one case so distinct that the quota 
was only 4. The average quota for all the animals before the 
restriction was 33, after 61. 

It must be stated that in these experiments it has not been 
possible to give any absolutely calcium-free food in the “minus- 
cup" during the restriction period, because of difficulty in pro- 
curing the food and the scarcity of chemicals. Judging from 
the weight curves the amount in the Ca-poor food (2 mg per g 
dry food) was sufficiently great to not involve any slowing-down 
of growth worth mentioning. 

A similar experiment was reported earlier (Widmark 1943), 
but in it different animals were used during a period of satisfied 
calcium need and after a period of lack of calcium. The experi- 
ments with calcium lactate and sodium lactate were later repeated 
with, in principle, the same result. Yet the casein content in 
the food in some of the series had to be lowered to 7.6 %, because 
the casein preparation at our disposal was contaminated by 
calcium to a fairly high degree. 

Experiment II. The choice between calcium-rich and calcium- 
poor food, in which the calcium lactate and the sodium lactate were 
replaced by calcium citrate and sodium citrate equal in weight to 
the lactate. 

In these foods the calcium content was ca 23 mg and 3 mg 
Ca respectively per g of dry food. 

6 male and 4 female young rats were, used, which at the be- 
ginning of the experiment were about 45 days old. Weight 50 
— 60- g. After weaning they had been fed on a complete food 
with plenty of skim milk. 

After a week's observation the animals were placed on Ca- 
poor food for 26 days, after which they were allowed to choose 
between the Ca- rich and the Ca- poor food. The results appear 
from the following table: this gives the average figures of the 
quotas for each day. 
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Test day Ca 

1 17 

2 45 

3 46 

4 — 

5 — 

6 22 

1 30 

8 — 33 Ca-poor food 

34 68 

35 63 

30 75 

37 54 

38 74 

39 — 

40 — 

41 66 

42 81 

43 76 

44 77 

45 49 

46 — 

47 — 

48 55 

49 49 

50 63 


The increase in the quotas after Ca deprivation is in principle 
of the same nature as in the pre%aous experiment. If the average 
quota figures for each animal before and after the deprivation 
are compared the following figures are obtained: 


Experimental animal 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


Before Ca deprivation 

47 

54 

50 

rf 


14 

40 

6 

20 

36 

30 


After Ca deprivation 
67 
78 
17 

65 

66 
67 
88 
63 
77 
70 


All the animals except No. 26 (male) show increased quotas after 
the Ca deprivation. Their average values are considerably > 

while the quotas before the deprivation (except ^5 wth y — > 

and 26 with Q = 50) were considerably under 50. Eat No. 26 differed 
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from tlie others in that it had high quotas (100, 53, 48) only the first 
3 days after the Ca deprivation. After that it practically refused to 
eat calcium. 

In this experiment the last-quoted values after the Ca depriva- 
tion showed a certain tendency to fall, which can be interpreted 
as the effects of a satisfied Ca need. 

The experiments reported here slow clearly that an increase 
of the need for calcium due to a period of Ca-deprivation in- 
volves the choice by the animal of the food which is richest in 
calcium. The pre\dous aversion to the calcium salts placed in 
the cup” disappears and such a strong desire for calcium 
arises that the animals overcome this aversion and the chemo- 
taxis is transformed from a negative to a high degree of positive. 

In this it does not seem to be of essential importance whether 
the calcium is mainly a lactate or a citrate (and primary phos- 
phate). If the taste was here the guide in the choice of the calcium- 
rich food one would be first compelled to assume that the calcium 
ion and not the salt, as such, is responsible for the positive chemo- 
baxis. To decide this question, however, it is necessary to experi- 
ment with better defined foods, which for the present are difficult 
to obtain. 


Summary. 

1) Fully-nourished rats which had received plenty of calcium 
while grovidng (skim milk) show a negative chemo-taxis for 
food which contains calcium in the form of lactate and citrate. 

2) On the other hand, if the animals are subjected to a period 
of calcium deprivation the negative chemo-taxis is transformed 
into positive. The animals now, for some time, select predomin- 
antly the calcium-rich food. 
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Aus der pharmakologischen Abteilung des Karolinischen Instituts 

Stockholm. ’ 


Wirkuiig Ton Arsen anf respiratorisclier Gas- 
ireclisel mid Blutstroni beini Mensclien. 

Ton 

G. LILJESTRAND. 

Eingercicht am 20. Harz 1944. 


Die bisweilen auftretende Gewicbtszunabme nacb langerer 
Verabreichung kleiner Arsendosen hat man vielfach in der ATeise 
2 u deuten versucht, dass niedrige Arsenkonzentrationen eine 
Hemmung besonders der oxydativen Abbauprozesse bewirker 
sollen, sodass die assimilatorischen Vorgange gegeniiber den dissi- 
milatorischen iiberwiegen (vgl. Heffter und ELeeser 1927). Eine 
Stiitze hat diese Auffassung durch zahlreiche Beobachtungen an 
iiberlebenden Geweben und Zellen erhalten, Nachdem Onaka 
(1911) eine Abnalime des Sauerstoffverbrauchs der kernhaltigen 
Ganseerj’throzyt^jn nach Zusatz von Arsentrioxyd in einer Kon- 
zentration von 0.003 % oder dariiber beobachtet hatte, fand 
Dresee (1926, 1927) am Rattengewebe eine ahnliche AVirkung, 
vrahrend die anaerobe Garung veniger beeinflusst wurde. Bei Hefe 
Rahmen sowohl Sauerstoffverbrauch vne Garung unter dem Bin- 
fluss der kleinen Konzentration arseniger Saure ab. hlit Kanin- 
chenleber erhielt Kanazawa (1927) ebenfalls Herabsetzung des 
Sauerstoffverbrauchs dureh Zusatz von Arsentrioxyd von 0.0001 % 
an. Zu ahnlichen Ergebnissen kam Hori (1929) an Leber- und 
Kierengewebe sowie Skelettrauskulatur und Sarkomgewebe des 
Kaninchens, bzw. Lymphdriisen des Rindes. AVahrend Hemmung 
regelmassig nachgewiesen werden konnte, wurde eine fordernde 
AA^rkung der arsenigen Saure auf den Sauerstoffverbrauch nie 
gefunden. Szent-Gyobgyi (1930) sah ebenfalls Hemmung des 
Sauerstoffverbrauchs des Leberbreies, wenn Arsenit in einer Kon- 
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zentratioE voa 0,00004 mol oder melir anwesend war. t)ber den 
entspreclienden Effekt Ideiner Konzentrationen (N/1000 — ^N/4000) 
zyklisclier Aisenverbindungeu an. Leber, Nieren-, Hpden- nnd 
Sarkomgeweben von Batten sowie an Hefe bericbteten Voegtlin, 
Bosenthal nnd Johnson (1931). Unter Verwendnng der Nitro- 
reduktionsmetbode von Lipschitz fanden Lendle und Bein- 
HAEDT (1931) bei Eroscbmuskeln eine Herabsetzung der Gewebs- 
atmimg bei 0.003 % der arsenigen Saure, bei langdauernder Ein- 
wirkung auf Hefe scbon bei etwa 0.002 %, und bei Eroscbnerven 
beobacbteten Schmitt, Show und Bueker (1933) eine Meine, 
aber d:eutlicbe Abnahme des Sauerstoffverbraucbs bei einer Ar- 
senkonzentration von 0.00002 mol. Weniger eindeutig waren die 
Besultate von Leifert (1933), der mit zerscbnittener Eroscb- 
muskulatur, bzw Herzmuskulatur oder Hirnsubstanz von Saugern 
arbeitete. In gewissen Fallen stellte sick aber eine Hemmung des 
Sauerstoffverbraucbs scbon bei sebr erbebbcber Verdunnung des 
Arsenits, bzw des Arseniats (10-® — 10-®) beraus. Spatere Ver- 
sucbe von Szent-Gyorgyi und Mitarbeitern (1935) fiibrten zu 
dem Ergebnis, dass Arsenik in den Mecbanismus der normalen 
Gewebsatmung storend eingreift, indem die Beduktion der Oxal- 
essigsaure zu Fumarsaure verbindert wird. Hitszak (1935) bracbte 
bei Kanincben den Nacbweis, dass diese Hemmung aucb im leben- 
den Tier durcb Arsen bervorgerufen werden kann und zwar durcb 
Dosen von 3 mg pro Kg Korpergewicbt, d. b. Mengen, die nur 
Va — der todbcben betrugen. Dieser Befund ist von Oelkers 
und ViNCKE (1936) bestatigt worden. Sie erbielten ebenfalls nacb 
0.0002 — 0.0025 % Arsenik eine Abnabme des Sauerstoffverbraucbs 
von Leberscbnitten von Meerscbweincben. Aus den Versucben 
von Oelkers (1936 — 1937) gebt ferner bervor, dass aucb gewisse 
Fermente, wie Katbepsin sowie verscbiedene Lipasen in ibrer 
Wirksamkeit durcb Kabum arsenicosum gebemmt werden. Be- 
reits 0.0001 % bewirkte merklicbe Verlangsamung der enzyma- 
tiscben Spaltungen. Man bat die Beeinflussung der Ferment- 
wirkungen durcb Arsenik mit einer chemiscben Beaktion zwiscben 
diesem xmd den SH-Gruppen des Glutatbions, bzw des Cysteins, 
in Beziebimg gebracbt (Voegtlin, Dyer und Leonard 1923, 
Labes 1929). 

Gegen den Hintergrund der erwabnten Ergebnisse erbebt sicb 
die Frage, ob die Arsenmedikation aucb den Bubestoffwecbsel des 
Gesamtorganismus in entsprecbender Weise beeinflusst. Zwar 
sind die bei der tberapeutiscben Benutzung des Arsens im Korper 
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eatstelienden Kouzentratioaen dieses Stoffes zweifelsoline weit 
niedriger als diejemgen, die sicli in vitro als vdrksam erwiesen 
haben, die Mdglichkeit einer ungleicbmassigen Verteilung muss 
aber auck in Betracbt gezogen werden. Obgleicb scbon mebrere 
Untersucbungen bieriiber vorliegen, ist eine definitive Klanmg 
nicbt erbalten worden. 

Bornstein und Pbost (1921) experimentierten mit drei Hun- 
den, die an Respirations versucben trainiert waren, und fanden 
nacb ziemlicb erbeblichen Arsendosen (0.01 — 0.075 g) entweder 
ein Gleicbbleiben des Grundumsatzes oder ■wahrend akuter Ver- 
giftung ein sukzessives Steigen des Sauerstoffverbrauches. Rrs- 
HiURA (1924) sab bei Ratten nacb 0.005 — 1 mg arsenige Saure 
fast immer eine Erbobung des Gasstoffwecbsels, nur in einem Falle 
trat nacb mebrtagigen Einspritzungen von 0.05 mg eine Abnabme 
des Sauerstoffverbrauchs ein. Bei tbyradengefutterten Ratten 
dagegen wurdc bisweilen durcb sebr geringe Dosen (0.00005 — 
0.0005 mg) eine Herabsetzung des Sauerstoffverbrauchs beobacbtet 
(Hildebbandt und Nishiura 1924). Kanazawa (1927) bestimmte 
bei drei Kanincben den Rubegaswecbsel und injizierte subkutan bei 
zwei der Tiere 0.005, bei dem dritten 0.003 g arsenige Saure sub- 
kutan. In aen beiden erstgenannten Fallen batte der Sauers^off- 
verbraucb nacb 3 Stunden um 18 % abgenommen und blieb bei 
dem einzigen spater untersuchten Tier nocb nacb 48 Stunden 
niedrig, bei dem dritten wurde 27- Stunden nacb der Injektion 
eine Senkung von 29 % beobacbtet, die aber spater zuriickging. 
Leider wird aber die Beweiskraft dieser Beobacbtungen wesent- 
Hcb dadurcb beeintrachtigt, dass es unsicber erscbeint, ob "vvirk- 
licbe Rubebedingungen vom Anfang des Versucbs vorbarden 
waren. Die Bestimmungen wurden am tracbeotomierten, nicbt 
narkotisierten Tier vorgenommen, so dass eine allmahlicbe Ab- 
nabme des Stoffwechsels wahrscbeinbcb ist. Es wurde nur ein 
einziger Rubeversucb vor der Injektion vorgenommen, so dass 
die spontanen Scbwankungen des Sauerstoffverbraucbs unbekannt 
Bind. Dieselbe Anmerlcung muss auch gegen die entsprecbenden 
Versuebe von Hori (1929) gemacbt werden, die ebenfalls eine 
Senkung des Stoffwecbsels nacb der Axsenzufubr zeigten. Auf- 
fallend ist aucb, dass Hori in zwei von drei anamisierten Kanin- 
cben nacb derselben Dose von Arsen wie in den soeben angefiibr- 
ten Versucben keine Einwirkung auf den Gaswecbsel sab; in diesen 
Fallen war aber der Sauerstoffverbraucb scbon von Anfang nied- 
riger als in den iibrigen. 
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Was Bestimmungen an. Mensclien betrifft, fand Henius (1902) 
keine Anderung des Gaswechsels ausserkalb der Feblergrensen 
der Metbode nach Atoxyl. Bornstein und Frost stellten an drei 
Versucbspersonen 'wabrend bzw. 17, 22 und 58 Tage durcb tiig- 
licbe Gaswecbselbestimmungen den Einfluss massiger tberapeu- 
tiscber Arsendosen fest. Sie saben keine Wirkung des Arsens auf 
den Sauerstoffvexbraucb — die' bei zwei der Versucbspersonen 
eintretende kleine Erbobung lag innerbalb der Eeblergrenzen. Zu 
ganz anderen Scblussfolgerungen gelangten Liebesny und Vogl 
(1923). Bei fiinf von seeks Versucbspersonen mit normalem Stoff- 
wecbsel beobaebteten sie »eine sebr geringe Tendenz zur Herab- 
setzung des Gaswecbsels im Laufe der Arsenkur«, bei dem sech- 
sten trat eine entspreebende Erbobung des relativen Ruhe-\vertes 
ein. Es bandelt sick durebaus um ganz vereinzelte Bestimmun- 
gen, und die Untersebiede sind niebt grosser, als man sie von einem 
Tage zum anderen oft bei Gesunden findet, so dass die Beobacb- 
tungen niebt als beweisend betraebtet werden konnen. Abnlich 
liegen die Verbiiltnisse bei zwei von Liebesny und Vogl unter- 
suebten Fallen von Anamie. In drei Fallen von Hypertbyreose 
wurde eine ziemlicb erbebbebe Abnabme des Sauerstoffverbrauebs 
im Laufe der Arsentberapie notiert, in einem vierten trat zuerst 
eine Senkung, dann aber eine sebr grosse Steigerung ein und in 
einem fiinften Fall mit fraglicher Hypertbyreose waren die Er- 
gebnisse sebwankend. blit Riicksiebt auf die grosse Labilitiit des 
Stoffwecbsels bei Patienten mit Hypertbyreose sind die Ergeb- 
nisse meiner Meinung nacb in keiner Weise iiberzeugend. Endlicb 
bat Knell (1936) die Wirkung des Arsens auf den Sauerstoff- 
verbraueb wabrend Rubebedingungen sowobl in Kurzversueben, 
als aucb in Langversueben gepruft. In den Kurzversueben wurde 
der Grundumsatz teils unmittelbar vor, teils Va Stunde, 1 Stunde 
und 2 Stunden nach einmaliger Injektion einer geeigneten Arsen- 
losung festgestellt. Von den 11 Versueben zeigten zwei eine Er- 
hohung des Sauerstoffverbrauebs (maximal 3 — 4 %) nach der 
Arsenzufubr, in den anderen dagegen trat eine Abnabme ein, 
die maximal 1 — 16 % betrug; im Durchsebnitt der 11 Versuebe 
fand man eine Senkung von 5.7 %. Man vermisst in dieser Arbeit 
die notwendigen Kontrollversucbe mit Einspritzung einer indiffe- 
renten Fliissigkeit statt des Arsenpraparates, wodurcb die Bedeu- 
tung der verlangerten Rubepause festgestellt werden konnte. Bei 
den Langversueben (10 — 14 Tage) erhielt der Patient 10 Tage lang 
eine bestimmte Menge des Arsens. tJber das Ergebnis teilt die 
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Verfasserin folgendes mit: »Die Grundumsatzwerte siad 

nicht gleichartig, die einzelnea AusscMage gering und liegea durch- 
vreg iaaerlialb der Felilergreazea.<( 

Es diirfte aus der gegebeaea tJbersicht bervorgebea, dass die 
bis jetzt ausgefukrtea Bestimmuagea aber die Beeiaflussuag des 
Gesaaitgaswechsels dutch Arsea keiaea klarea Bescheid gebea. 
Es lasst sich z. Z. keiaea Schluss ziehea, ia^vieweit die bisveilea 
aagefcroffeae kleiae Herabsetzuag des Sauerstoffverbrauchs dutch 
Nebeaumstaade verursacht wurde oder aicht. Mit Riicksicht auf 
die priuzipielle Bedcutung dieser Erage vurde sie eraeut uater- 
sucht. 

Maa hat hervorgehobeu, dass Arsea vielleicht eiae Vermehruag 
des Blutstroms dutch eiae friih eiasetzeade Toausabaahme der 
Kapillarea bewirkca kaaa (Goodman uad Gilman 1941). Dadurch 
ware teils eiae giiastigere Eesorptioa aus dera Darm, teils ver- 
besserte Nutritioa der Haut laoglich. Ich habe deshalb auch das 
Miauteavolumea des Herzens uad die Pulsfiequenz in dea Kreis 
der Beobachtuagea eiagezogea. 

In mcinen Versuchcn wurde der Einfluss des Arsentrioxyds auf 
Sauerstoffverbrauch und Blutstrom bei zwei mannUchen und einer 
weiblicben gesundcn Vcrsuchspcrson im Alter von 26 — 30 Jahren unter 
Standardbedingungen bcstimmt. Die Vcrsuchspcrson kam morgens 
fruli nuchtern ins Laboratorium und sass in vorsatzlicher Ruhe etwa 
45 Minuten bequem in eincm Liegestuhl, worauf dor Sauerstoffver- 
branch mit dcm Spirometer von Keogh (1920) in einem Versuch von 
10 Minuten Dauer ermittclt wurde. Etwa 10 — 15 Minuten nach der 
Sauerstoffbestimraung wurde die Pulsfrequcnz gerechnet, dann wurde 
die arteriovenose Sauerstoffdiffercnz nach der Methode von Grolljian 
(1932) festgcstellt (Vgl Liljesteand und Nylin 1941). Ehe mit deu 
Versuchen angcfangen wurde, hatte die Vcrsuchspcrson wahrend 
einiger Tage Ubung in der Ausfiihrung der Bestimmungen erhalten. 
Diese Avurden dann gewohnlich tiiglich — mit Ausnahme der Sonntage 
— vorgenommen, biswcilen fand ein Aufcnthalt von 2 — 3 Tagen statt. 
Nachdem TOr 14—17 Normalbestimmungen erhalten hatten, bekam die 
Vcrsuchspcrson taglich in Pillen 3 mg Arsentrioxyd wahrend einer etwa 
ebenso langen Pcriode, und im Laufc dieser wurden entsprechende 
Bestimmungen ausgefuhrt. Von den Versuchspersonen bekam F. M. 
insgesamt etwa 90, M. S. ebenfalls 90 und 0. S. 60 mg Arsentrioxyd. 
Die Medikation rief kein Unbehagen hervor. Das Korpergewicht zeigte 
Wahrend der ganzen Versuchsperiode nur kleine Schwankungen in 
beiden Richtungen. Aus den gefundenen Werten fiir den Sauerstoff- 
verbrauch Avurde teils das Mittel der betreffenden Periode nebst dessen 
mittleren Fehler in gewohnlicher Weise berechnet, teils wurde auch 
unter Beachtung des taglich festgestellten Korpergewichtes und der 
Korperlange sovne das Alter der Sauerstoffverbrauch nach Harris 
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und Benedict (1919) ermittelt. In der Tabelle 1 wird das Verhaltnis 
zwisclien dem direkt gefimdenen Werte und dem nach BLaeris und 
Benedict bereclineten als xelativer Standardstoffwechsel bezeicbnet. 
Aucb fiir die arteriovenose Sauerstoffdifferenz, das Herzminutenvolu- 
men und die Pulsfrequenz vrerden die betreffenden Mittel nebst den 
mittleren Feblem angegeben. Schliesslicb werden die Differenzen zwi- 
scben den IVerten der Normalperioden und denjenigen der Arsenperio- 
den nebst den zugeborigen mittleren Behlern berecbnet. 

In der Tabelle 1 •werden die Ergebnisse mit Eiicksicbt auf den 
Sauerstoffverbraucb mitgeteilt. Der Verbraucb fallt innerhalb der 
normalen Werte, "wie sie in der Litteratur angegeben ■werden. 
Der relative Standardstoffwecbsel stellt sicb. unbedeutend niedri- 
ger aus als der Standard von Harris und Benedict heraus, -was 
mit friiberen Ergebnissen vollkommen ■iibereinstimmt (Vgl 
Lidjestrand und Nylin 1943). Wahrend der Axsenperiode ist 
der Gasstoffwecbsel im Verbaltnis zur Normalperiode unveran- 
dert. Bei zwei der Versucbspersonen sind die absoluten bCttel- 
werte fiir den Sauerstoffverbraucb identiscb oder beinabe iden- 
tiscb, fiir die dritte finden "wir zwar eine Erbobung von 6.2 ml, 
entsprecbend 2.6 %, die aber weniger ist als das Doppelte des mitt- 
leren Eeblers und also nicbt statistiscb sicbergestellt ist. Die 
Mittel fiir den relativen Standardstoffwecbsel zeigen offenbar nur 
kleine, innerhalb der Feblergrenzen fallende Unterscbiede. Es er- 
gibt sicb also, dass die Arsenzufubr in diesen drei Fallen nicht 
die geringste Wirkung auf den Standardstoffwecbsel ausgeiibt bat. 

Die ]\Iittel fiir die Bestimmungen am Kreislauf finden sicb in 
der Tabelle 2. 

Die arterio- venose Sauerstoffdifferenz zeigt in dem ersten Falle 
wabrend der Arsenperiode eine Zunahme, die eben statistiscb 
sicber zu sein scbeint, in dem zweiten Falle berrscbt gerade das 
Umgekebrte (d. b. eine Abnabme), "wabrend in dem dritten die 
Mittel beinabe identiscb sind. Entsprecbendes gilt fiir die Herz- 
minutenvolumina. Mit Eiicksicbt darauf, dass diese Bestimmungen 
docb ziemlicb subtil sind, was sicb aucb in den relativ boberen 
mittleren Feblern spiegelt, glaube icb, kein grosseres Ge-wicbt 
auf diese Unterscbiede legen zu konnen. Nur so "vdel lasst sicb mit 
Bestimmtbeit sagen, dass erbeblicbe Anderungen des Blutstro- 
mes wabrend der Arsenmedikation nicbt eintreten, wabrend klei- 
nere Verscbiebungen nicht unmoglicb sind. Die Pulsfrequenz 
dagegen, die leicbt mit ziemlicb grosser Genauigkeit festgestellt 
werden kann, ■wird in alien drei Fallen wabrend der Arsenbeband- 
lirng etwas erboht. Bei der ersten Versucbsperson ist die Differenz 
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zwar statistisch. nich.t sicliergestollt, in. den beiden iibrigen dage- 
gen ist sie etwa das Vierfacbe des mittleren Feblers. Diese Wirkung 
ist desbalb sicber. Als Ursacbe konnte man an eine geringe Er- 
bobung des blinutenvolumens denken, die "wegen XJnsicberbeiten 
der Methode nicbt nacbgewiesen werden kann, es muss aber aucb 
daran erinnert werden, dass man in Tierversucben nacb Ver- 
abreicbung von Arsenprapararaten eine Zunabme der Puls- 
frequens beobacbtet bat, deren Natur nnbekannt ist. 

Znsammenfassnng. 

Bei drei Versucbspersonen bewirkte die tagbcbe Verabreicbung 
von 3 mg Arsentrioxyd im Laufe von 23 — 29 Tagen keine An- 
derung des respiratoriscben Gaswecbsels und aucb keine sichere 
Anderung des Herzminutenvolumens. Dagegen trat eine kleine 
Erbobung der Pulsfrequenz wabrend Rubebedingungen ein. 
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Aub der pharmakologischen Abteilung des Karolinischen Instituts und 
dem Btaatlichen pharmazeutischen Laboratorium, 
Stockholm. 


Wirkung yon Arsen anf den respiratorisclien 
Gaswechsel beim Meerscliweinchen. 

Von 

ASTRID HENRIKSON. 

Eingegnngen am 13. April 1944. 


Die von mehreren Seiten unternommenen Versuche uber die 
Einwirkung des Arsens anf den respiratoriscben Gaswechsel des 
Menschen und verschiedener Saugetiere baben zu keinem ein- 
deutigen Ergebnis gefiibrt (Vgl Liljesteand 1944). Wabrend 
einige Untersucber nacb kleinen bis ziemlicb erbeblicben Dosen 
eine bisweilen betracbtlicbe Abnabme des Sauerstoffverbraucbs 
beobacbtet baben, konnten andere nur eine Erbobung nacbweisen, 
die allerdings erst nacb relativ grossen Arsenmengen auftrat; 
wurden kleinere Mengen gegeben, trat dagegen keine Anderung 
des Gaswecbsels ein. Die Ungleicbmassigkeit der Eesultate ist 
zweifelsobne von Verscbiedenbeiten in der Versucbsanordnung 
bedingt. Besonders ist bervorzubeben, dass in denjenigen akuten 
Versucben, in denen eine Abnabme des Sauerstoffverbraucbs 
nacb Arsenzufubr nacbgewiesen werden konnte, die Rubebe- 
dingungen beim Versucbsbeginn wabrscbeinlicb nicbt geniigend 
waren. Es war desbalb angezeigt, neue Versucbe imter moglicbst 
gleicbmassigen Bedingungen auszufubren, imd parallell mit den 
gleicbzeitig biermit publizierten Bestimmungen an Menscben 
(Liljesteand 1944) wurden desbalb aucb Messimgen der Arsen- 
wirkung auf den Gaswecbsel des Meerschweincbens ausgefiibrt, 
liber die bier bericbtet werden soU. 

Fiir die Versucbe wurden ausscbliesslicb mannlicbe Meerscbweincben 
mit einem Gewicbt von etwa 500 g benutzt. Die Tiere wurden mebrere 
Tage vor der Verwendung im Tierstall gebalten. Yor jeder Bestimmtmg 
blieb das Tier mindestens 11 Stunden obne Butter, dagegen durfte es 
bis zum Versucbsbeginn nacb Bebeben Wasser trinken. 
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Der Sauerstoffverbraucli -rnirde mit dera von Krogh und Lindbeeq 
(1931, 1932) angegebenen Apparat ermittelt. Das Tier befand sich 
demnach in einer kleinen Kammer, die in einem gescblossenen Eespiia- 
tionssystem eingeschaltet war. Das System enthielt ausserdem zwei mit 
komigem Chlorkalzium gefullte U-R6hren zur Absorption von Wasser 
und einen kleinen Bebalter mit Natronkalk zur Aufnahme des Kohlen- 
dioxyds. Dann kam eine Waschflascbe, die eine geeignete Losuiig 
enthielt, durch 'svelche kontrolliert vrurde, dass der Kohlendioxyd 
quantitativ zuruckgebalt-en vrurde. Durcb eine Seitenrohre stand das 
System in Verbindung mit einem kleinen, gut equilibriertem Spiro- 
meter. Endlich befand sich in dem System eine Ideine Pumpe mit 
Ventilen, durch velche das Gasgemisch ununterbrochen in der Richtung 
durch die U-Rohren und das Natronkalkgefass getrieben vrurde. Die 
Tierkammer befand sich in einem "Wasserbad, dessen Temperatur ge- 
nau (mit Schwankungen von hochstens 0°.i) auf 30° konstant gehalten 
wurde. Das System vnirde wiederholt mit Sauerstoff durchgespiilt, 
und vot dem Versuch wurde das Spirometer damit gefiillt. Der Sauer- 
stoffverbrauch wurde direkt von dem Spirometer auf berusstem Papier 
registriert und in gewohnlicher Weise auf 0°, 760 mm Hg und Trocken- 
heit reduziert. Die Tiere wurden zuerst taglich — ohne Putter erhalten 
zu haben — in die Tierkammer gebracht, wo sie eine Stunde gehalten 
wurden. Erst nachdem sie sich in dieser Weise an die Versuchsbe- 
dingungen gewohnt hatten, wurde mit den Bestimmungen angefangen. 
Auch in diesen Fallen blicben die Tiere zuerst eine Stunde vor dem 
eigentlichen Versuch in der Kammer. Sie verhielten sich bald voll- 
kommen ruhig und behielten diesen Zustand wahrend der Bestimmung. 
Gewohnlich betrug diese 15 Slinuten, in Ausnahmefallen wurden 10- 
Minuten-Perioden benutzt. 

Xachdem an einem Tier N'ormalbestimmungen wahrend 7 — 8 Tage 
ausgefuhrt worden waren, bekam es alle zwei Tage wahrend 13 — 14 
Tage subkutane Einspritzungen von Natriumarsenat (NajHAsOi). 
Vier Gruppen von je 5 Tieren wurden untersucht. Die jedesmal verab- 
reichte Arsenmenge entsprach einer Axsenquantitiit in den verschie- 
denen Gruppen von 1, 2, 4 bzw 8 mg pro Eg Korpergewicht. Zwei bis 
drei Tage nach Beginn der Arsenzufuhr wmde nochmals mit den Be- 
stimmungen des Sauerstoffverbrauchs angefangen. Diese fanden dann 
taglich wahrend 11 — 12 Tage mit Ausnahme der Sonntage statt. 
Fiir die drei ersten Gruppen zeigte das Korpergewicht nur unbedeu- 
tende Schwankungen, fiir die letzte dagegen trat eine betrachtliche 
Gewichtsabnahme ein. Drei dieser Tiere starben wahrend der Versuchs- 
periode, offenbar infolge Arsenvergiftung. Sie sind deshalb in der 
untenstehenden Tabello nicht mitgerechnet. 3_ 

Die Korperoberflache des Tieres wurde dem Ausdruck cyp® ent- 
entsprechend in m® berechnet, wo p das Gewicht in g und die Kon- 
stante c zu O.oooss gesetzt wurde (Rubner 1887). Die gefundenen 
absoluten Werte fiir den Sauerstoffverbrauch wurden dann auf_ m 
Korperoberflache bezogen. Fiir samtliche Versuche innerhalb einer 
Gruppe wurde das Mittel der betreffenden Periode nebst dessen mit - 
lerem Fehler in gewohnlicher Weise berechnet. Ebenso wurden le 
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Differenzen zwisdien den Werten der Normalperioderi nnd denjenigen 
der Arsenperioden nebst .den zugehorigen mittleren FeUern festgestellt. 


Die Ergebnisse werden in der folgenden Tabelle mitgeteilt. 

Tabelle 1. 

MiUelwerte des Sauerstoffverbrauchs, ml pro Min. und 
Korperoberflache. 


Bezeichnungeh: 1 = Zahl der Tage, 2. =-Zalil der Tage, an welchen Bestim- 
mnngen ausgefuhrt -vrurden, 3 = Sanerstoffrerbranch. 










Bifferenz 

Arsendose 
mg pro kg 

Zahl der 
Tiere 

Normalperiode 


Arsenperiode 

Normal- 

periode— 

ijsen- 









periode 



1 

2 

3 

1 

2 

3 

3 

1 . . . . 

5 

H 

8 

88.3 ± 1.B2 

12 

10 

85.4 ± 1.61 

2.9 ± 2.20 

2 ... . 

5 

11 

8 

87.4 + 1.89 

12 

10 

82.2 + 1.67 

5.2 ± 2.17 

i ... . 

5 

13 

7 

93.8 i 1.46 

14 

10 

9B.7 ± 1.88 

— 2.9 ± 1.97 

8 ... . 

2 

13 

7 

81.4 + 0.89 

14 

10 

94.7 + 1.16 

— 13.2 ± 1.47 


Es ist offenbar, dass die Arsenmengen 1 — 4 mg pro kg Korper- 
gewicht keine Einwirkung auf den Sauerstoffverbraucb der Tiere 
ausgeiibt baben; die kleinen Unterscbiede zwiscben Normal- 
perioden und Arsenperioden liegen vollkommen innerbalb der 
Versucbsfebler. Da die mittleren Febler ziemlicb Hein sind, ist 
andererseits zu erwarten, dass aucb eine massige Herabsetzung 
des Gasstoffwecbsels, wie sie von einigen Forscbern friiber ange- 
geben wurde, erfasst "werden miisste. Das Ergebnis stebt also in 
bester tlbereinstimmung mit den oben erwabnten Befunden beim 
Menscben und aucb mit denjenigen der alteren Tierversucbe, 
die am zuverlassigsten erscbeinen. Es muss desbalb gescblossen 
werden, dass Arsen in den gepruften Dosen keine Herabsetzung 
des Sauerstoffverbraucbs ausubt. 

Wenn die Arsendose auf 8 mg pro kg Korpergewicbt erbobt 
wurde, trat eine imzweideutige Erbobung des Sauerstoffverbraucbs 
ein. Dies ist offenbar die langst bekannte toxiscbe Wirkung. 


Zasammenfassung. 

Der Rubegaswechsel des Meerscbv'eincbens wurde von Natrium- 
arsenat, einer Zufubr von 1 — 4 mg Arsen pro kg Korpergewicbt 
alle zwei Tage wabrend 12 — 14 Tage entsprecbend, nicbt beein- 
flusst. Nacb 8 mg Arsen pro kg trat dagegen eine deutliche Er- 
bobung des Sauerstoffverbraucbs ein. 
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In previous papers it tvas shown that the reticulocyte ripening 
principle found in liver extracts and in plasma (Pluji 1942 a) 
consist of two fractions, one of which is thermostable and the 
other thermolabile (Jacobsen and Plum 1942). In liver extracts 
the former fraction has been identified as 1-tyrosine (Jacobsen 
and Plum 1942). 

The present paper deals with the chemical nature of the ther- 
molabile fraction. 

Our first experiments were carried out with liver extracts 
from which the thermolabile fraction was adsorbed on Puller’s 
earth and eluted with liquid phenol (fraction H in the paper of 
Jacobsen and Plum 1942). This procedure was, however, rather 
expensive and gave a considerable loss. After it was found by 
Plum (1944 a, b) that gastric tissue contains the thermolabile 
fraction of the ripening principle in large amount, dessicated, 
defatted hog stomach was used as a very suitable raw material 
in the preparation of the thermolabile factor, which in this paper 
will be named gastric factor. In our pui’ification experiments 
the gastric factor is extracted from the dried stomach with 
water, dialysed and, as it is only slightly soluble in water, allowed 
to precipitate from the dialysate concentrated in vacuum. The 
ripening power of the gastric factor was tested in ripening ex- 
periments with reticulocytes in the presence of 0.1 ®/oo tyrosine 
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as described by Pluai (1942 a), and tbe ripening index (Jacobsen 
and Plusi (1942) and Plum (1942 b) was determined and calcu- 
lated for a l®/oo solution of dry matter. Our experiments show 
that the gastric factor probably consists of at least two fractions. 

Although we have not succeeded in isolating neither of the 
fractions in a pure state, our experiments gave evidence that 
one of the compounds must be closely related to the members 
of the purine family. The chemical nature of the other is still 
unkno'wn. 

Experimental. 

100 g Yentriculin "Mco”, the commercial brand of dessicated 
defatted hog stomach, are shaken with 800 — 900 cc distilled 
water during 1 — 2 hours. After sharp centrifugation the residue 
is extracted a second and third time, each with 600 — 600 cc 
distilled water. 

The combined extracts, 1,200 — 1,300 cc, contain 3.2 — 1.3 per 
cent dry matter with a ripening index in presence of 0.1 ®/oo 
tyrosine (as in all the following ripening experiments) of 0.14 
—0.35 per 1 %o dry matter. 

The extract is then very cautiously concentrated on a water 
bath under reduced pressure; the extract is treated under con- 
stant shaking in portions of 35 cc in a 2 litre round-bottomed 
flask for exactly two minutes. After one such treatment the 
volume is reduced to about 350 cc whereafter the evaporation 
is repeated once more in the same way so that the final volume 
is 100 — 160 cc. This procedure has two advantages: the consider- 
able foaming which occurs does no harm and the extract has 
only been heated 4 minutes in all. Analyses show that the ex- 
tract loses less than 5 per cent of the total pepsine acthdty 
under this procedure. The loss in ripening activity is generally 
larger and ranges from 36 to 0 per cent with an average of 22 
per cent. 

The concentrated extract is then dialysed through a parch- 
ment membrane against 1.5 — 2 I distilled water with 2 — 3 per 
cent phenol in order to prevent infection. After 20 — 36 hours 
dialysis, the 1.5 — 2 1 dialysate is pale yellow and contains 4 — 6g 
dry matter (the phenol is evaporated with the water). 

In order to test the ripening activity 10 — 15 cc of the dialysate 
was shaken vith equal amounts of ethyl ether in order to ex- 
tract the phenol which destroys the blood corpuscles, and the 
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ether evaporated off in a vacuum under gentle heating. To the 
dialysate "was then added 1 % sodium chloride and 1/10 vol. 
1 ®/oo tyrosine and the .solution tested, vith' reticulocytes in the 
usual way. The activity per 1 ®/oo dry matter in the dialysate is 
generally 15 — 30 % higher than the activity of the original 
extract. The dialysate is then concentrated in vacuum in portions 
as described under the concentration of the gastric extract. 
The last part of the concentration is made on a water bath not 
over 40° until the dialysate has a volume of 40 — 50 cc. The con- 
centration at times causes a, considerable loss of activity; in one 
experiment the original dialysate had a ripening index with 
0.1 “/oo tyrosine of 0.17 per 1 ®/oo dry matter. After being con- 
centrated to 17 % dry matter the index was found to be 0.11 
and after a further concentration to 50 % dry matter the .index 
was only 0.096. Even more potent preparations showed a corre- 
sponding fall in activity. When the dialysate is concentrated so 
far that the content of dry matter is above 10 %, the yellow- 
green solution is placed in the ice box. . After 24 — 96 hours a 
white or slightly yellowish precipitate is formed. The more con- 
centrated the dialysate, the more readily the precipitate is formed, 
but the ripening effect of the precipitate is then much smaller 
than in cases where the dialysate is not so much concentrated. 
The precipitate is centrifuged off, washed with a few cc of water, 
suspended in water and tested on reticulocytes in presence.. of 
0.1 “/oo tyrosine. It contains practically all the gastric factor of 
the dialysate, as shown in table 1. 


Tal)lo 1. 


Concentrated dialysate 

precipitate 

centrifugate 


Ripening index 
per 1 ®/oo in preseneo 
of 0.1 ®/oo tyrosine 

0.15 

11.0 

0.011 


The yield of the precipitate is 20: — 40 mg per 100 g dessicated 
stomach. 

The ripening effect of the precipitate varies considerably, the 
ripening index of 11 per 1 ®/oo is the highest found, while the 
lowest is 0.34 per 1 °/oo dry matter. For 17 preparations the 
average is 3.2. 

The activity is very labile and even drying .of the precipitate 
in vacuum over sulphuric acid reduces the effect 50 — 75 %. 
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In one experiment we extracted the precipitate several times 
•with methanol at room temperature. The methanol extract was 
evaporated in vacuum and the residue dissolved in water made 
slightly alkaline. The fraction insoluble in methanol was like- 
■wise dissolved in alkaline water. About two thirds of the dry 
matter was found soluble in methanol. 

With the two fractions we made a ripening experiment as shown 
in table 2. 

Table 2. 


Effect of methanol soluble and methanol insoluble fraction 
of the gastric factor. 


Vessel 

No. 

Fraction not 
soluble in 
methanol °/oo 
dry matter 

Fraction 
soluble in 
methanolYoo 
dry matter 

Tyrosine 

0/ 

/oo 

Ripening 

index 

found 

Ripening 
index per 

1 7oo dry 
matter 

1 

0.58 

O.oo 

0.2 

2.52 

4.35 

■ 

2 

0.29 

0.00 

0.2 

1.32 

4.55 

■ 

3 

0.145 

O.oo 

0.2 

0.73 


■ 

4 

0.073 

0.00 

0.2 

0.36 

4.93, 

■ 

5 

O.OO 


0.2 

2.38 

2.14] 

i 

6 

0.00 


0.2 

1.02 

1.82 

■ 


0.00 


0.2 

0.52 

1.84 

■ 

8 

0,00 

0.14 

0.2 

0.34 

2.31, 

■ 

9 

0,29 

0.56 

0.2 

4.21 

5.03 


10 

0.145 

0,28 

0.2 

2.03 

4.83 


11 

0.073 

0.14 

0.2 

1.00 

4.78 


12 

0.037 

0.07 

0.2 

0.50 

4.78, 



Prom table 2 it is seen that a combination of the two fractions 
respectively soluble and insoluble in methanol gives a 50 % 
greater effect than should be expected if the effect was simply 
additive. It must thus be concluded that the gastric factor con- 
sists of at least two fractions with a mutually synergistic effect. 

Chemical examination gave the folio-wing result: The precipitate 
directly from the concentrated dialysate is suspended in water 
and a few drops of concentrated ammonium hydroxide are added. 
-Only a small part cannot be dissolved in ammonium .hydroxide, 
this is centrifuged off and discarded as it has no ripening effect 
(and destroys the blood corpuscles). The remaining, bright yellow 
solution, is neutralized with .acetic acid. This gives a reprecipita- 
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tion of tlie substance, ■vvMcb is centrifuged off, dried and dissolved 
in 1,500 parts of boiling "water: after addition of a small portion 
of charcoal — not too much as the substance is adsorbed to the 
charcoal — the solution is filtered hot and allo"wed to cool very 
slo-wly. After 24 — 48 hours the precipitate is filtered or centri- 
fuged off and dried at 100°. It then consists of small "white needles 
or plates. The substance did not melt belo"v\’" 250°, is soluble in 
alkalis including ammonia and is precipitated by "weak acids 
and diluted mineral acids. It is soluble in concentrated sulphuric 
acid under gentle heating and e 'en in concentrated hydrochloric 
acid. It gives a fed colour "n-ith diazobenzene sulphuric acid and 
a strong positive Weidel's reaction. The spectrum showed full 



identity "ndth that of xanthine (Fig. 1). The nitrogen content in the 
different preparations was found to be 31 — 32.5 %, calculated 
for CjHiOaNi, HjO : 32.9 %. Spectroscopic examination of the 
original precipitate from the concentrated dialysate showed that 
about 75 % of this was xanthine. 

The xanthine isolated from hog stomach has a weak, but 
unmistakable, effect on reticulocyte ripening, and moreover, 
xanthine prepared synthetically has the same effect. 

This and the following experiments were carried out so that 
1.0 % xanthine or xanthine derivative was dissolved in n/10 
NaOH. To 0.20 cc of this solution was added 0.9 cc 2 % sodium 
chloride, 0.2 cc 1 ®/oo tyrosine and 0.5 cc distilled water. Immedia- 
tely before the addition of the blood corpuscles, 0.20 cc n/10 
HCl was added. The xanthine used in this experiment was a small 
sample of pale yellow powder which had been stored in a sealed 
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vessel for more than 30 years in the Pharmacological Institute 
of Copenhagen University, and was kindly supplied to us by 
Professor Knud Moller. This preparation showed very interesting 
results which shall be discussed later on. In further experiments 
we examined freshly prepared xanthine and a few other members 
of the purine group and other related substances. 

Table 8. 



Monomolecular 
constant of 
ripening rate 

Bipening 

constant 

Ripening 

index 

Saline 

0.0132 

— 

1 

i 

Standard 

0.0356 

0.0224 

(1.00) 

0.1 “/oo tyrosine 

0.0150 

0.0018 

0.08 

1 %o dried precipitate from di- 
alysate of gastric extract 

0.0171 

0.0041 

0.18 

do -n-ith 0.1 “/oo tyrosine 

0.0126 

0.0294 

1.31 

1 ®/oi, xanthine “Jlerck” 

0.0176 

0.0044 

0.20 

do •vrith 0.1 “/oo tyrosine 

0.0362 

0.0230 

1.03 


Effect of prec.'pitate from diaiyeate and xanthine on the ripening of reti 
culooytes. 


I. Xanthine. 

HN~CO 

I i 

OC C —NH 

\ 

! 'CH 

1 / 

HN — C — N 

partly prepared directly and partly over guanine after the method 
of Taube (1900), II. Guanine prepared after Taube (1900), 
III. uric acid, IV. theobromine, V. theophylline, VI. coffeine and 
VII. hypoxanthine. Furthermore VIII. 3-methyl-xanthine was 
prepared after Taube (1900), and the following steps in the syn- 
thesis of xanthine tested: 

IX. 4-amino-2.6-dioxy pyrimidine. 

NH — CO 

I I 

CO CH 


NH — CNH^ 
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X. 4.5-diamino-2.6-dioxypyrimidine. 

NH — CO 

I I 

CO C-NH. 

1 II 

NH — CNHa 

XI. 4-amino-5'-formylamino-2.6-dioxyfyriniidine. 

NH — CO 

I I 

CO C — NH • CHO 

I II 

NH — CNH, 

A few oxydation products of xantliine and related substances 
were also examined. 

XII. Alloxanthine. 

NH — CO 

1 I 

CO C(OH) 

i I 

NH — CO 

XIII. Alloxan. 

NH— CO 

• I 

CO CO 

I I 

NH — CO 

both XI and XII being prepared from uric acid. 

XIV. Finally the effect of barbiinric acid was tested. 

NH — CO 


CO — NH 

I I 

— (OH) C CO 

i 1 

OC — NH 
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The results are put together in table 4. 

Table 4. 


No. 

Name 

Eipening index for 1 “/oo on presence 
of O.l “/oo tyrosine 

L 

xanthine Merck 

9/4.43: 1.62 13/4.43: 1.02 1/9.43: 0.45 


xanthine prepared from urea 



and oyan-ethylacetate .... 

0.40 


xanthine from guanine 

0.38 0.47 0.33 0.42 


xanthine from stomach 

0.35 0.40 0.37 

n. 

guanine 

0.08 0.07 

in. 

uric acid 

O.oo 

IV. 

theobromine 

0.03 

V. 

theophylline 

0.10 

VI. 

coffeine 

0.09 

VII. 

hypoxanthine 

0.30 

vni. 

S-methylsanthine 

0.20 

IX. 

4-amino-2.6 dioxypyrimidine 

0.09 

X. 

4.5 diammo-2.6 dioxypyrimi- 



dine 

0.05 

XI. 

4-amino formylamino-2.6 di- 



oxypyrimidine 

0.59 0.69 0.82 0.34 

xn. 

alloxanthine 

0.22 0.24 

xin. 

alloxan 

0.28 0.30 

xi\^ 

barbituric acid 

0.04 


All substances tested have practically no effect when tyrosine 
is not present in the solution in the same way as described in 
table 3. Equally important is the fact that heating of the solution 
destroys the ripening effect of the purine and pyrimidine deriva- 
tives, just as it is seen with the ripening effect of the gastric factor. 

The inactivation seems to be reversible and after standing 
the inactivated solution regains some of its activity. An example 
of this is shown in the following experiment: 30 mg synthetic 
xanthine were dissolved in 3.00 cc n/10 NaOH. A part of this 
solution was tested untreated and the rest was kept for 10 minutes 
on a boiling water bath. The heated solution was tested at once 
and after being kept 24 and 48 hours at room temperature. 

Table 5 gives the results of the experiment. 
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Table 5. 


Blood corpuscles 
suspended in 

Mono- 
molecular 
constant of 
ripening rate 

Ripening 

constant 

Ripening 

index 

Ripening index 
of 1 Voo 
xanthine 

1 

Saline 




■■ 

B 

O 

standard 


0.0213 

(1.00) 


B 


0.4 1 ®/oo xanthine in 
n/10 NaOH 






3 

0.2 1 ®/oo tyrosine .... 
0.9 2 % NaCl 

0.0313 

0.0174 

0.82 

0.41 



0.1 







0.4 n/10 HCl 







0.2 1 % xanthine in 
n/10 NaOH 





0.405 

4 

0.2 1 ®/oo tyrosine .... 
0.9 2 % NaCl 

0.0225 

O.OOSC 

0.40 

0.40 , 



0.5 'wa'er 







0.2 n/10 HCl 














0.4 1 % xanthine in] 

n/10 NaOD 

heated 10' on boiling, 
•water tyrosine, sa- 1 
line, ■water, HCl ns 31 

0.2 1 ®/oo xanthine in] 
NaOD heated 10' onl 
boiling water tyrosine, | 
saline, water HCl ns 41 

0.0156 

0.0151 

0.0017 

0.0012 

0.08 

O.OOG 

0.04 

O.OG 

0.05 

7 

saline 

B.013G 

__ 

- 

- 

- 

8 standard 

0.0338 

0.0202 


— 

— 

9 

= 5 xanthine solution 
kept 24 hours at room 
temperature 

0.0207 

0.0071 

0.35 

0.175 ] 


10 

= 6 xanthine solution 
kept 24 hours at room 
temperature 

0.0172 

0.003G 

0.18 


0.177 

11 saline 

0.0142 


_ 

■■I 

B 

12 standard 

0.0339 




H 

13 

= 6 xanthine solution 
kept 48 hours at room 
temperature 

0.0247 


0.53 

0.215 ] 


14 

= 0 xanthine solution 
kept 48 hours at room 
temperature 

0.0202 



1 

0.305 f 

0.20 


Regeneration of the inactivated xanthine solution. 
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Biscassion. 

We liave not yet been able to isolate tbe gastric factor in a 
pure form, mainly because of the extraordinary lability of the 
substance. This explains also the great variability in ripening 
power of the preparations even when they were prepared in 
exactly the same manner. The hitherto strongest preparation 
from dessicated hog stomach had a ripening index of 11 per 
1 %o solution in presence of 0.1 ®/oo tyrosine. This preparation 
contained 75 per cent xanthine and the xanthine thus isolated 
must have been present in pure form in the desiccated stomach 
as the procedure used cannot have caused destruction of nucleo- 
proteins or nucleic acids. The xanthine bodies are not soluble 
in methanol and it is to be presumed that the ripening effect 
related to xanthine is to be found in the fraction insoluble in 
methanol. 

The ripening effect of xanthine is, however, so small that the 
ripening effect of this fraction cannot be explained from its 
xanthine content. The fraction insoluble in methanol is thus 
not identical with xanthine, but the experiments give some 
evidence of a possible relation between the two substances. 

Xanthine, hypoxanthine and 4-amino-5-formylamine, 2.6- 
dioxypyriraidine have some ripening effect; a marked, but weaker 
effect is found in 3-methylxanthine, alloxan and alloxanthine, 
but other closely related substances, guanine, uric acid, theo- 
bromine, coffeine etc. have practically no effect at all. Striking 
in this respect is that the guanine has no effect, but xanthine 
prepared from guanine by treatment vdth nitrous acid showed 
an effect equal to xanthine otherwise prepared. 

The ripening effect thus seems linked to a group in the purine 
family. It is still more remarkable that the ripening effects of 
these synthetically prepared substances are destroyed by heating 
of the aquous solution, and that the effect is regained when the 
boiled solution of xanthine is allowed to stand. The synthetically 
prepared xanthine was recrystallized several times in boiling 
water or ammonia, but the dried crystals still showed an effect. 

It seems probable that a ripening factor is formed from xan- 
thine in some way. It must moreover be assumed that the ripening 
factor thus formed is transformed into some inactive substance. 
In the heat this occurs with greater velocity than xanthine forms 



ERIK JACOBSEN. 


352 

tlie gastric factor, since tlie ripening effect is abolislied in a few 
minutes, wMle a regeneration at- room- temperature takes several 
days. Wlien xantWne is dry it is not affected by beating to 170 
— 180^ during two hours. 

In the xanthine "Merck” wliich had been kept in a sealed bottle 
for several years, the initial ripening index was much higher, 
but in a short time after the opening of the bottle the effect 
had decreased to the values found in freshly prepared xanthine. 
This suggested the idea that it might be possible to increase the 
effect of synthetical xanthine, but the results were rather un- 
certain; in one experiment, however', we succeeded in obtaining 
an increase from 0.35 to 0.52 after boiling the Xanthine with 
acetic anhydride, washing with ether and drying at 100°. 

In. a single experiment I have incubated xanthine with gastric 
extract in order to see if the gastric extract has the power to 
increase the effect of xanthine. This was not the case so that 
if the gastric factor is formed by the influence of some enzyme 
in the stomach on xanthine this enzyme is hot extracted with 
water from the dried tissue. 

The chemical nature of this fraction of the gastric factor is 
still unknown. It may be a dehydration product of xanthine 
or it may as well be some desmotropic form; it is impossible to 
decide between these possibilities before we have succeeded, in 
isolating a stronger preparation of the xanthine factor so that it 
is possible to examine its physical properties. Still more proble- 
matic is the role of the gastric factors in the ripening processes, 
how they work with the tyrosine or the. tyrosine derivatives, 
and the experiments here described are of course unable to throw 
any light upon this side of the physiology of the reticulocytes 
ripening. 


Summary. 

Some attempts to isolate the thermolabile fraction of the reti- 
culocyte ripening principle from dessicated hog stomach are 
described. 

This gastric factor is found dialysable and when purified very 
little soluble in water. It is very labile. The factor can be divided 
into two fractions, one soluble and one insoluble in methanol. 
The strongest preparation from dessiccated hog stomach con- 
tains id % xanthine which can be isolated from the gastrix extract- 
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Pure synthetic Nauthihe has a slight ripening effect. Hypo- 
xanthincj 3-methylxanthinej 4-ainino 6 formylamino 2 — 6 dio- 
xypjTrimidine, alloxan and alloxanthine have the same effect. 
Little or no effect have guanine, uric acid, theobromine, theo- 
phylline, coffeine, 4.-amino 2 — 6 diox}’pyrimidine, 4 — 5 diamino 
2 — 6 dioxypyrimidine arid barbituric acid. 

When xanthine is heated dry the ripening effect is not altered, 
but vhen heated in water, the effect disappears to reappear 
after standing. 
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Various -workers have brought forth e\ndence at to the composite 
nature of the protcol>t.ic system in papain preparations. Wii-L- 
STATTER and Grassman (1924) demonstrated that papain solu- 
tions activated -with HCN digested as different substrates as 
gelatin, pepton and leucyl-glycyl-glycine. In a series of papers 
Beromaxn and coworkers (1935, 1936 a and b) studied the sub- 
strate specifity of two peptidases in papain, tentatively designated 
by them as Papain I and Papain II. The first one is characterized 
by splitting benzoylisoglutamine and hippurylamide and is com- 
pletely inhibited by pbenylhydrazine and other carbonyl reagents. 
The second peptidase splits pepton ex nlbumine and gelatin, 
and is activated by plienylbydrazine. In a more recent paper 
Bergmaxx and Ross (1936) suggested the possibility that there 
ocurred in papain a special enzyme with aminopolypeptidase 
activity. In enzyme solutions inactivated with H.Oj and then 
reactivated with HCN there reappeared only the gelatin splitting 
activity and not the aniinopoljTjeptidase activity. As substrate 
peptides built up from leucine and glycine were used. In 1939 
Bales and Likeweaver described the properties of a crystallized 
enzyme jueparation from papain. The enzyme hydrolyzed both 
hippurylamide, casein and haemoglobin. In a recent paper 
Balls and Jaxsek (1941) described the crystallization from 
papaya latex of a second enzyme closely related to the chymo- 
(ryp.sin of the pancreatic juice. Thus some light has been thrown 
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on enzymes witli endopeptidase activity (proteinases) whereas 
the properties and especially the substrate specifity of the exo- 
peptidases (peptidases) in papaya latex are still relatively un- 
known. In the present paper a series of peptides all containing 
free amino and carboxylic groups and which therefore could be 
split only by exopeptidases of the type aminopolj^eptidase, 
were digested Avith several papain preparations. 

Experimental. 

Methods. For the determination of the exopeptidase activity the micro 
methods of Linderstrom-Lang and Holter (1931, 1932) were used. 
Unless otherwise stated the following substrates were digested in 
0.2 ]\r solutions at pH 5 (glass-electrode): alanyl-glycyl-glycine, alanyl- 
glycyl-alanine, glycyl-leucyl-glycine, alanyl-leucyl-glycine, glycyl-leucyl- 
glycine, leucyl-glycine, glycyl-glycine, valyl-glycine, glycyl-leucine, 
leucyl-alanine, valyl-alanine, alanyl-glycine, glycyl-valine, glycyl- 
alanine, valyl-alanine and alanyl-leucine. All the peptides were pre- 
pared according to Fischer (1906, 1923). The purity of each peptide 
was controlled by determinations of total nitrogen, amino nitrogen, 
and melting points. In the tables the names of the peptides are abbre- 
viated. Thus AGG stands for alanyl-glyclyl-glycine, VG for valyl- 
glycine LG for leucyl-glycine and so on. 

Six papain preparations were used which were termed 1, 2, 3, 4, 5, 6. 
Preparation 1 was obtained from the British Drughouse, nr 2 was a 
specimen of directly dried juice from papaya fruits, nr 3, 4, 5, 6 were 
all from the Merck Corporation with activities given respectively as 
1 : 100, 1 : 200, 1 : 200 and 1 : 300. The enzyme solutions were prepared 
by grinding the papain preparation to a smooth paste with a small 
amoimt of water in a mortar. The pastes were diluted (by grinding) 
to the volume required and then filtered through paper. 7 cmm® of 
various dilutions of these solutions were incubated in test tubes usually 
at 40° C TOth 7 cmm^ of the substrate solution. AVhen activated papain 
solutions were used, 1 ml of papain solution was incubated at pH 
5.0 with 0.5 ml of a 0.5 mol solution of HON for 2 hours at 40° C. In 
the digestion tests 7 cmm® of this activated solution were used. The 
digestion was interrupted by adding 150 cmm^ of alcoholic tymolphta- 
lein solution (tymolphtalein in 90 % alcohol). The titration of the di- 
gestion. tests was carried out with n/20 (CHs), NOH. 

The determination of the endopeptidase activity was carried out 
with gelatin as substrate according to the directions of Willstatter 
and Grassman (1924). Bach ml of enzyme solution contained the 
material solved from 15 mg of the papain preparation. The pH of the 
solution was corrected to 5.o. The HCN-activation was carried out 
for 2 hours at 40° C with 2 ml of enzyme solution, 1 ml of citrate buffer 
(pH 5.0) and 1 ml of HCN-solution (pH 5.o). At the end of the activa- 
tion period 6 ml of the gelatin solution were added. 
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Eesults. 

The papain preparations ^vere rather inhomogenous as shown 
by the values obtained when determining total nitrogen (micro- 
Kjeldahl) and the solubility of the six preparations. A series of 
typical values are given in Table 1. 

Table 1. 

Tlie Determination of Total Nitrogen and Solubility of Papain Preparations. 


. 

: Preparation number 

; 

Total Nitrogen 
in per cent 

Per cent of Preparation 
Solved by Shaking 0.5 g 
with 10 ml of Water 

1 ' 

1 

I 1 

3.1 

16.0 

2 

10.0 

61.0 

3 

3.0 

14.6 

4 

6.7 

30.5 

r> 

ll.l 

65.0 

c 

7.5 

36.5 


It is evident that there is a parallelism between the solubility 
and amount of total nitrogen of the enzyme preparations. Tor 
the determination of the endopeptidase activity of the papain 
preparations gelatin was used as substrate and the digestion 
at first carried out according to "Willstatter and Gbassman. 
Tj^pical results from n series of determinations are given in Table 2. 

Tabic 2. 

The Hydroh'sis of Gelatin with Activated Papain Preparations, Digestion 
performed at 40“ C and at pH 5.0 according to Whastattek and Geassman. 


. .. The Activity in ml 0.2 N KOH in 90 percent Alcohol 

Digestion time ' 


in hours I 

1 

Prep. 1 j 

1 Prep. 2 j 

Prep. 3 

Prep. 4 

1 Prep. 5 j 

Prep. 0 

1 1 

0.30 

j O.GO 

0.50 ' 

0.40 j 

0.50 * 

0.35 


0.40 

i 0.C5 

O.GO 

0.50 

0.55 

0.40 

3 

0.15 

i 0,70 

1 0.70 

O.GO ' 

O.GO 

0.50 


On comparing the results given in Tables 1 and 2 it will be- 
come evident that there exists no correlation between the solu- 
bility of the preparations and their proteolytic effect. A\Tien 
comparing the figures in Table 2 with those obtained by Will- 
STATTER and Grassjian under similar conditions it is obvious 
that the preparations used in the present investigation had a 
rather low proteoljdic acti\ity. The reason may be that the 
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enzyme preparations used in this investigation may have been 
old and therefore were inactivated. Under the present conditions 
no fresh enzyme preparations were available. 

In order to facilitate a comparison between the endopeptidase and 
exopeptidase activity of the preparations, gelatin digestions were 
also carried out by the micro methods of Lindektsrom-Lang and 
Holter. Estimations of liberated amino and carboxylic groups were 
made. In both the series a 6 % solption of gelatin was used. 1 ml of 
enzyme solution contained the material solved from 6 mg of papain 
preparation, and this volume of enzyme was activated with O.s ml 
0.5 mol HCN for '2 hours at 40° C and pH 5.u. 7 cmm^ of activated 
enzyme solution were incubated with 7 cmm® of substrate (gelatin) 
for 2 hours at 40° C and pH 5.o. In the determination of the amino 
groups the digestion was completed by adding a surplus of hydrochloric 
acid (0.2 N) and 150 cmm® of indicator solution (naftylamine in 90 % 
acetone). The titrations were carried out with n'20 ammonium acetate 
in 90 % alcohol. The determinations of the carboxylic groups liberated 
during the digestion of gelatin with papain were made with the same 
amounts and concentrations of enzyme and substrate and during the 
same experimental conditions as used in the determination of the amino 
groups. The digestion was completed by adding 150 cmm® of indicator 
solution (tymolphtalein in 90 % alcohol). The titration was made 
with n/20 (CHj)! NOH. With this method of digestion the experimental 
conditions were the same as when determining the aminopolypeptidase 
activity of the papain preparations. 

The results of typical serial determinations of the endopeptidase 
activity in preparations 5 and 6 as obtained by these methods 
are given in Table 3. 

Table 3. 

The Hydrolysis of Gelatin with Activated Papain Preparations. Digestion 
performed 2 hours at 40® C and at pH 5.0 accoring to the micro methods of 
LtxdersteSji-Laxg and Holter. Activity in emm n/20 NHjCOOCHj and 
(CHjI.NOH, 


1 

Amino groups 

1 Carboxylic groups 

1 Preparation number 

in - emm n/20 

1 in emm n/20 

NH, GOOCH, 

1 (CHsl^NOH 

5 

0.9 

i 

.5.6 1 

6 

4.G 

4.4 1 


In determining the aminopolypeptidase activity of the papain 
preparations the effect of varying the relation i. e. amount of 
enz3nne to amount of substrate was first tested. Three solutions 
of enzyme, containing material from 50 mg, 5 mg and 1 mg of 
papain preparation per ml of solution were made. 7 emm® of 
each of the three enzyme solutions were incubated with 7 emms 
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of a 0.2 mol solution of alanyl-glycyl-glycine for 2 hours at 40'^ 
C and at pH 5.0, after a preliminary activation with HON in 
the same way as described above. Typical results of a series of 
determinations are given in Table 4. 

Table 4. 

Hydrolysis of Alan 3 'lglycylglj’cino with Different Concentrations of Activated 
Pnpain-Enzj’me solutions. Enzj'^nio Solutions prepared bj' Extracting oO inp, 
.5 mg and 1 mg rcspoctiveb’ with 1 ml of Water. Digestion time 2 hours at 40'’ 
C and at pH 5.0. 


Preparation number 

Activity- 

in emm n/20 (CHj),N0H i 

A 

50 mg prep./ml 

5 mg prcp./ml 

1 

1 mg prep./ml 

1 

... 

3..'i 

1.2 

2 

2.1 

3.1 

0.5 1 

3 

2.0 

3.2 

0.5 1 

4 

2.2 


0.8 ! 

5 

1.8 

4.0 

1.2 ' 


In accordance with these results the enzyme solutions used 
in the analysis of the aminopolypeptidase activity of papain 
preparations were made by extracting 5 mg of papain with 1 ml 
of water. In Table 5 the results of a typical scries of digestion 
experiments in which di- and tripeptidcs were used as substrates 
are given. 

Table 5. 


Hj'drolysis of a Series of Peptides with Activated Papain Prep, nr 5; 5 ing/nil 
Substrate-Concentration 0.2 mol. Dige.stion-time 2 hours at 40’ C and at pH 5.0. 


i Enzyme Activity in emm n/20 (GH,), NOH 

1 

AGG AGA GLA ALG GLG 

EG GG VG GL LA \A AG GA AL 

.Sub.strate 

2.8 2.5 1.5 2.5 3.5 

0 0 1.2 0 0.0 0 1.0 0 0 

Enzyme 



activity 


On comparing with the results obtained by digesting the same 
series of peptides under .similar experimental conditions but using 
an aminopolyiieptidase solution prepared from the hog’s pyloric 
mucosa (Agrex, 1942 b) it will become evident that amino- 
polypeptidase from papain and the pyloric mucosa have a si- 
milar range of substrate specifity. 

Under experimental conditions as indicated in Table 6 no di- 
gestion was demonstrable when using not activated jjapain 
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solutions. This result is in accordance -with the experience of 
Grassman and Willstatter (1924:) when investigating the 
papain digestion of leucylglycylglycine and peptone. These 
authors also stated that the temperature optimum of the papain 
digestion of gelatin occurred at about 60° C. In some experiments 
it was tested whether aminopolypeptidase activity of HCN- 
activated papain solutions had a similar high temperature op- 
timum. The results of a t}’]pical series of digestion experiments 
are given in Table 6. 

Table 6. 

Hydrolysis of Alanyl-glycjd-glycin by Activated Papain at 40° C and 60° C. 
Papain Prep, nr 5; 5 mg/ml. 0.2 mol Solution of Substrate. Digestion-time 2 hours 
at pH 5.0. 


1 1 Activity in emm n 

/20 (CH3). NOH at 

1 ; 40° 

60° 


i 

5 ; 2.5 I 2.2 

6 I 3.1 : 2.5 


Obviously the temperature optimum of the aminopoh^eptidase 
actmty is not the same as that of the enzyme digesting gelatin. 

Discussion. The results of Bergjlvnn and coworkers (1935, 
1936) and more recently of Balls and coworkers (1939, 1941) 
are in accordance with the view that the juice of Carica papaya 
contains at least three proteolytic enzymes one of which is an 
aminopolypeptidase. The occurrence of this enzyme had previously 
been reported by Willstatter and Grassman (1924). The sub- 
strates used by these authors Avere built up by tivo amino acids, 
leucine and glycine. In 1935 Bergjiann, Zera’^as and Fruton 
shoAved that the tripeptide glycyl-glutamyl-glycine Avas not split 
by papain. One of the main results of the present investigation 
is the demonstration of the broad substrate specifity of the 
aminopolypeptidase of papain (Table 5). The concentration of the 
aminopol 3 rpeptidase actmty also seems to be of the same order of 
size as that of the protease actiAuty (compare Tables 3 and 5). 

With regard to substrate affinity, the parallelism betAveen the 
aminopol3rpeptidase actiAuty of papain preparations and that 
of the pyloric mucosa of hog (Agren 1942 b) is specially inter- 
esting. It is likely that greater importance than one is inclined 
to belieA’'e, will have to be attached to this obserAmtion. The present 
author has previously reported experimental coincidence in fa Amur 
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of the view that the aminopolypeptidase of the hog’s pyloric and 
duodenal mucosa may be identical with Castle’s intrinsic factor 
(Ageen, 194:2 a, b; 1943). If this hypothesis is viewed in the 
light of the present results it may be suggested that Castle’s 
intrinsic factor is not strictly bound to the mucous membrane of 
the alimentary canal. A factor with similar enzymatical properties 
may exist outside of the body. Consequently it should be possible 
that patients suffering from pernicious anemia could be supplied 
with food containing both extrinsic and intrinsic factors and that 
as a result of the interaction of these factors a resorbtion of the 
antipernicious anemia factor may take place. The result would 
be labelled as "spontaneous remission”. 

Experimental e^ddence supporting this theory may be taken 
from a paper recently published by Davis, Davidson, Biding 
and Shaw (1943). The idea occurred to these authors that it 
might be advantageous to administrate to patients suffering from 
pernicious anemia whole liver in a soluble, predigested form. 
Papain was chosen as a suitable enzyme for the digestion of the 
liver, as this enzyme was known to react at the natural pH of 
the minced liver — namely approximately at pH 5.6. Davidson 
and coworkers did not add any activator to their papain solution, 
but an activation of the papain enzymes nevertheless may have 
occurred owing to the cystein and glutathion present in the liyer 
brei. The preparation was tested on patients suffering from per- 
nicious anemia. The authors obtained a satisfactory response 
in reticulocyte counts, followed by a progressive amelioration 
of the clinical and haematological conditions with the daily ad- 
ministration of doses of the "proteolyzed” liver preparation 
derhdng from about 47 g of raw Uver. Since 250 g of raw liver 
is the usual minimal quantity necessary to produce a satisfactory 
response in pernicious anemia the possibility is not to be ex- 
cluded that these authors — although they have not mentioned the 
possibility — actually had obtained a real activation of extrinsic 
factor activity present in the raw liver according to the same 
principles as used by Sjogeen (1940). In the English experiment 
the intrinsic factor may have been aminopolypeptidase present 
in the papain preparation. 

Becently, the present author demonstrated the close relation 
existing between the aminopol}q)eptidase acti\’ity and the in- 
trinsic factor activity of hog’s pyloric and duodenal mucosa. 
Aminopolypeptidase from this material a hundred times purified 
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seems to have maintained the intrinsic factor activity of the 
original material i. e. the pyloric and duodenal mucosa, unim- 
paired. This result certainly strengthens the author’s theory 
that there exists an identy between aminopolypeptidase and 
intrinsic factor. The occurrence of an enzyme with the same range 
of substrate specificity in papain as well as the results obtained 
by Davis and coworkers seem to support the possibility that the 
ntrinsic factor of Castle may exist outside of the body. 

Summary. 

It has been demonstrated that papain preparations contain 
an aminopolypeptidase witli a substrate specificity of the same 
type as that of the corresponding enzyme present in the hogs 
pyloric and duodenal mucosa. Based on recent experimental 
evidence the "vdew is advanced that the intrinsic factor of Castle 
may occur in certain vegetable material. 

The \vriter is indebted to the Johan and Therese Andersson’s 
Memorial Fund and the Ferrosan Corporation for their grants 
which supported the present investigation. He further acknow- 
ledges liis thanks to Jliss Ahlquist for her valuable assistance 
throughout the investigation. 
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Even if persons who are apparently of equal muscular strength 
go in for the same hard training, e. g. running, they do not, as 
we know, achieve the same results; a few persons distinguish 
themselves by outstanding achievements, and, frequently through 
a great number of years, they are in a class of their own. The 
causes of this may vary. For medium and long distances, an 
individual is required whose organs must be especially efficacious 
in several respects. Moreover, the jierson in question must be 
able to perform the work of running as economically as possible, 
thus transforming a comparatively great part of the energy de- 
veloped into specific work. He must also be able considerably 
to increase the aerobic output of energy, this being a rec|uisite 
of all prolonged muscular exertions. As to the latter point, it 
will appear from investigations by Robinsox and his collabora- 
tors that if world-champions and other well-trained individual.';, 
who do not actually belong to the top-class, perform the same 
very intensive work, the absorption of oxygen during work of 
the same intensity is highest in people with a world record, whilst 

' The experiments were performed in collaboration with E. HonwC Ciikistkx- 
SEX with the support of Miss P. A. Brandt’s endowment and P. Carl Petcr.sen's 
fund. 
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on the other hand they accumulate less lactic acid in the blood 
a fact which shows that their work is more aerobic than that 
of the others. Tlie capacity of absorbing large amounts of oxygen 
during hard work is thus one of the characteristic features of 
the best long-distance runners. The experiments referred to be- 
long to running over medium distances. 

The second question: Whether the best runners also run more 
economically than less good runners has not been previously 
examined. It is true that Eobinson and his collaborators found 
that world-record runners absorbed more oxygen than less good 
runners in performing the same very intensive work; but at the 
same time their determinations showed that the less good ruimers 
accumulated far more lactic acid in their blood than the world- 
record runners, which indicated that the former covered a larger 
part of the energy transformation by anaerobic energy output. 
Consequently, as a "steady state” has not been arrived at in 
this very intensive work, it cannot be concluded from the oxygen 
absorption measured during the work exactly how large an energy 
transformation it required. 

One would expect the best runners to have a lower oxygen 
consumption when running than the less good ones, as it has 
been found in numerous experiments, among other things on the 
bicycle ergometer, that the efficiency increases as the subject 
becomes accustomed to the work. It cannot be taken for granted 
however, that a comparison of the very best runners with others 
of a slightly inferior class will necessarily show this, as in both 
cases the technique can be presumed to be very nearly perfect 
in an athletic exercise like running. In order to examine this 
problem we measured and compared the energy production 
in running at varying speeds on a horizontal treadmill, partly 
in some runners entered for the medium distances, partly in 
some well-trained athletes who had not gone in for running with 
a special view to competition. 

Another problem of interest is the strain to which the orga- 
nism is exposed by the different kinds of athletics. If, for instance, 
the metabolic increase produced by a certain form of exercise 
is known, we may form an estimate of the demands made on the 
respiratory and circulatory functions. 

In this series of experiments, determinations of the metabo- 
lism and of the pulmonary ventilation were made during running 
at speeds from 4.05 to 18.6 kilometres per hour and walking at 



364 


OVE B0JE. 


speeds varying between 6.0 and 12.78 kilometres per hour ~ 
a total of 105 determinations of metabolism. All experiments 
were performed on the treadmill in tbe horizontal position. 
Although the results of these investigations were obtained by 
experiments on a treadmill and not on the sports ground, where 
the surface is different and the resistance of the air, especially 
at the higher speeds, plays a not inconsiderable part, they still 
give an idea of what running and walking at the speeds in question 
require. In \dew of the absence of air-resistance and the smooth 
surface, — a broad rubber belt, — the figures must be lower 
than they would be, had they been measured on the sports 
ground. 

A number of previous investigations, especially at ordinary 
rates of speed, will not be referred to in this publication, in which 
higher speeds are chiefly studied. There are however some studies 
of running which will be further dealt with in the discussion of 
the results of the experiments. 


Routine of E.^periment and Metliodics. 

The work comprises walking and running on a flat-belt conveyor, 
a “treadmill”, which is driven by electricity and can be adjusted to 
the desired speeds with great accuracy. During the experiment the 
time of 20 revolutions of the belt is frequently ascertained to deter- 
mine the exact speed. Moreover the number of steps per minute is 
counted several times in the course of each experiment. The respira- 
tory exchange is determined by means of the Douglas-bag method. 
For practical reasons the experiments could not be performed in the 
morning on an empty stomach; they -were performed in the afternoon 
about 3 hours after a light lunch. 

The experiment is performed as follows: — "When the conveyor has 
been adjusted approximately at the desired speed the subject begins 
working, the speed is controlled and is soon adjusted at the speed 
desired. With very few exceptions the subject was working for 10 
minutes before the metabolism was determined in order to make sure 
that he was in a “steady state”. That 10 minutes is a sufficiently long 
introductory period will appear from experiments by M. Nielsen and 
0. Hansen among others, showing that in a work on the bicycle ergo- 
meter of 1,620 mkg./min. with an oxygen absorption of 3.5 litres per 
minute the oxygen absorption vdll already after 5 minutes’ work be 
constant for the rest of the experimental period, e. g. 20 minutes. 
As a rule 3 determinations are made every day on each subject at 
varying speeds with a short period of rest between the single experi- 
ments. 
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The subjects were the following men; — 



Weight, 

kilos 

Height, 

cm. 

Length 
of leg 
(from spina 
il. ant. sup.) 

Length 
of tibia 
(from med. 
artio. lino 
of knee) 

Ago 

H. S. ....... 

67.7 

174.7 

99.0 

47.2 

31 

E. A 

6i.O 

173.3 

96.5 

45,6 

26 

S. A 

61.0 

168.9 

94.0 

43.1 

25 

T. B 

66.1 

170.0 

96.3 

45.0 

31 

V. B 

71.5 

181.8 

105.6 

49.0 

22 

E. 0 

70.0 

174.0 




22 

0. M 

62.5 

165.0 

91.0 

43.9 

23 

0. S 

86.1 

189.2 

107.4 

52.2 

23 

0. B 

.... 75.0 

184.0 

102.7 

47.7 

36 

E. K 

84.1 

183.5 

104.6 

48.5 

26 

V. I 

63.4 

172.1 

94.5 

44.2 

29 


f 

H. S. has been for several years Danish champion in 5 and 10 kilo- 
metres’ running, E. A., S. A., I. B. and Y. B. are good medium and 
long distance runners; E. 0., 0. M., 0. S., E. K. and 0. B. are well- 
trained athletes but not competition runners. 0. B., however, has not 
been in rational athletic training for the past 7 years, and V. I. is a 
Danish walking champion of several years’ standing over distances 
of 10 — 50 kilometres. 


Eesnits of Experiments. 

Metabolism. The oxygen absorption lies between 906 and 4450 
cc. per minute and increases practically in proportion to the speed 
of walking or running, so long as this does not exceed what the 
subject can accomplish fairly easily. If this limit is exceeded the 
increase in oxygen absorption becomes comparatively larger, as 
will appear from the experiments with the rather imtrained 
subject 0. B. (Fig. 1). 

The oxygen consumption in walking and running at the same 
speed is generally not the same. It is a well-known fact that it is 
more economical to walk at slow rates of speed and run at greater 
speeds. This is illustrated by fig. 1. It "will be seen that when 
the speed exceeds 8 km./h. running becomes more economical. 
Fig. 2 shows the curves for the oxygen absorption in walking 
and running respectively in the best walker Y. I. and the best 
rimner H. S.; here the intersection of the curves is actually as 
high as 10 km./h. This is doubtless due to the fact that in this 
experiment it has been possible to carry through the walking 
with especially good economy, the walker in question having 
many years’ training in walking-races. As the walker, however, 
weighed 4.3 kg. less than the runner it would not be correct to 
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make a direct comparison between their oxygen absorptions, and 
if we compare the oxygen absorption per kg. body weight the 
intersections of the cmves will be about 9.3 km./h. 

As abeady referred to, it is of importance, when estimating 
the influence of the different forms of athletics on the organism, 
to know the increases in metabolism they involve, for by this 
means we have a good measure for the strain they put on 



Fig. 1. 

0. B. + walking, 

O iiinning. 

respiration, circulation, heat regulation, and energy production. 
Presuming that the values of oxygen absorption found in this 
series of experiments correspond fairly well to those found in walk- 
ing and running on the ground, it is possible to compute the 
energy production in some of the long walking and running 
distances in common use in competitions. The results obtained 
on a treadmill will, of course, be minimum values, as the subjects 
remain in the same place and have no air-resistance to over- 
come, as they have in outdoor running. Anyone who has ridden 
a bicycle or run out of doors knows that this air-resistance plays 
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an important role. According to A. V. Hill the air-resistance 
in leg. can be computed from the following formula: 

0.056 X v= X A 

where v is the sum of (in a following wind the difference between) 
the runner’s speed and that of the wind in m./sec, and A is the 
anterior surface of the body in m= (in these computations esti- 
mated at m®). If the number of kilos computed in this manner 



-f- V. I. AvalkiDg, 

O H- S. running. 

is multiplied by the speed of running per minute we get the 
number of mkg/min. by which the air-resistance has increased 
the work of running. If we assume the same efficiency as is found 
in work on the bicycle ergometer, e. g. about 26 per cent., we 
can compute the increase in metabolism produced by the air- 
resistance at the different speeds and then again compute how 
much this would increase the oxygen absorption. 

A few instances will be given showing "what oxygen absorp- 
tion the best walker and the best runner have when walking 
and running at varying speeds, according to the oxygen absorp- 
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tioa mjeasured in walking and run n ing on tke, treadmill. The fi- 
gure in parenthesis indiq^tes the amount of oxygen by which 
the air-resistance at these speeds would have increased the meta- 
bolism according to the above computation, if the subjects had 
been running on the sports ground. 

In a walking r&ce over 20 km., which the subject V. I. can 
carry through at an average speed of about 12,6 km./h., an 
oxygen consumption of about 3.3 litre/min. is required (-}- O.I 4 O). 
Walking 60 kilometres the same man has an average speed of 
a little more than 11 km/.h., for which about 2.6 litres of oxygen 
per minute (-f 0.090) are required. 

Corresponding computations for running show that a man who 
runs a Marathon race in Danish record-time, e. g. 2^3 hours, the 
distance being about 42 km., has an average speed of just under 
16 km./h., which in the case of the runner H. S. requires an oxygen 
absorption of 3.5 litres per minute (-f 0.280). In a race of for 
instance 10 kilometres, which the subject can run at an average 
speed of 19,5 km./h., the oxygen absorption must be about 4.5 
litres/min. (-f- 0.500). In this coimection it should be mentioned 
that Eobinson and his collaborators have measured the oxygen 
absorption of some world-record runners running on a treadmill. 
The best of these runners had an oxygen absorption of 6.35 
litres/min. (-f 0.730) at an average speed of 21.6 km./h. This 
is almost the speed at which this athlete runs a 2 miles’ race 
in competitions. It will appear from these instances that the 
medium distance races require an enormous oxygen absorption 
and thus a corresponding function of organs of respiration and 
circulation. If the oxygen absorption by which the air-resistance 
— according to these computations — should have increased the 
work of running out of doors are added to the oxygen absorp- 
tions found in the work on the treadmill, we find that a 10 kilo- 
metres’ race in the best time would require an oxygen absorption 
of about 6 litres/min. and a 2 miles’ race 6.08 litres/min. As an 
oxygen absorption of more than 6 litres/min. is hardly possible, 
this means that in these races an increasing oxygen debt must 
be an essential factor. 

In order to compare the rates of metabolism of the indmdual 
subjects at the varying speeds of running and walldng we have 
computed the consumption of calories per kg. body weighty and 
per kilometre at the different speeds. As will appear from Table 
1, the consumption of calories in running at the speeds examined 
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here (8.13 — 18.60 km./h.) lies between 0.86 and 1.15 but, inden- 
pendent of the average speed, by far most values lie about 1 
calorie per kilogram and kilometre at the speeds examined here, 
so that the energy reqmrement is the same in running one kilo- 
metre at the rate of 8 and at the rate of 18 km. fix. But this will 
doubtless only hold good in the case of well-trained athletes like 
those employed in our experiments; none of our subjects were 
urged to such an extent as to make them work at their max- 
imum capacity. At higher speeds the metabolism must be ex- 
pected to increase at a still higher rate, as it has been shown, 
e. g. by experiments on the ergometer bicycle, that the efficiency 
decreases when the subject has to work near the limit of his 
capacity. 

If the results of the experiments communicated here are com- 
pared with JIargaria’s results it will be seen that on an average 
his subjects have a larger energy requirement than ours, especi- 
ally at the lower speeds, which is presumably due to the fact that 
his subjects were not so well-trained. SIargaria has only few 
determinations of metabolism in running on a horizontal surface 
and only a single one at a speed of more than 12.5 km./h., but 
within the speeds examined he, too, finds approximately the 
same consumption of calories per kilometre run. This is at va- 
riance with the results of Liljestrand and StenstrSm, who find 
a far smaller requirement of calories at the high speeds. This 
is presumably due to the fact that these investigators haA^e used 
too short an introductory period (0.4 — 2.2 minutes, in most ca- 
ses about 1 minute) so that at the higher rates of work the sub- 
jects have not managed to get into a "steady state” before the 
determination of metabolism was made. Lastly, Ogasawara’s 
investigations must also be mentioned. He determines the meta- 
bolism of a subject running out of doors by means of the Douglas- 
bag method and computes the total oxygen consumption during 
the run by determining it before, during, and after the run and 
adding the oxygen-debt to the oxygen consumption found during 
the run itself. He finds a far greater energy transformation than 
we do; already at an average speed of 12 km./h. the subject, 
who weighs 63 kg., has an oxygen consumption of 3,858 cc. 
per minute, whilst in our subjects we find an oxygen consump- 
tion of about 2,700 cc. at this speed. Even if Ogasawara’s sub- 
ject runs on the ground and not on a treadmill like Margaria’s 
and our subjects, the difference in oxygen absorption is still 

24 — iJf 0099 . Acta pht / s . Scandinav . Vol . 7. 
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Strikingly large; more-over, an oxygen absorption of nearly 4 
litres/min. in running at so low speed as 12 km./h. can hardly 
be of general validity, not even when the subject runs on the 
ground, as the additional oxygen consumption, due to the air- 
resistance at this speed, only amounts to a little more than 100 
cc. of oxygen. Ogasawara’s high figures can therefore only be 
explained like this: Either his subject has been untrained, or lie 
must have added more than the true oxygen-debt, when adding 
the increase of metabolism after the run. 

As referred to in the introduction, one object of this series of ex- 
periments was to ascertain whether the best runners have a more 
economical technique than the less good ones, and to find out 
whether the better results of the former could partly be explained 
in this way. As will appear from Table 1., the consumption of 
calorics per kilometre and kilogram is practically the same both 
for the different speeds and the different subjects. Judged by 
these determinations it cannot be a difference in working eco- 
nomy that makes one competition runner achieve more than 
another, or else the difference is so slight as to be below the limit 
of error of the experimental technique employed. 

Table J. 

'I he iablc gives ihe calories consvimed per hour, hilometre and hg. body- 
nrighi {or the different rates, these are stated in whole kilometres, 
omitting fractions in order to simplify the table. 







Running. 











km ./hour 







8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

H. S. 


1.03 


1.02 


0.9G 


0.98 


0.99 

1.02 

I. B. 

l.OG 

LOT 


1.02 


0.9G 

0.94 

0.90 

0.98 

0.98 

1,00 

E. A. 


0.03 

0.05 

0.90 

0.92 

0.87 

0.94 

0,80 

0.94 



S. A. 



1.05 

0.9S 


1.02 



1.00 

l.OG 

1.01 

V. B. 




0.9G 

LOG 


0.9G 


1.00 


0,98 

E. 0. 



1.01 

0.90 


0.9G 

0.94 




0,80 

0. S. 

1.08 


1.01 

1.02 

1.05 


1.00 

0.93 




E.K. 


0.03 

0.90 


1.00 

l.OS 

1.01 

1.03 

0.99 



O.M. 

1.14 

1.13 

1.11 

LOS 


1.04 

1.07 





0. B. 

0.8S 


O.SS 


0.93 

1.08 

1.00 










Walking. 











kin ./hour 







4 

r> 

0 

7 

8 

0 

10 

11 

12 

13 


O.B. 

0.S3 

O.TS 

0.73 

0.S2 

0.95 

1.12 

1.30 

1.49 




V. 1. 





0.91 

0.95 

LOT 

1.11 

1.24 

1.14 




ENERGY rilODGCTION IN RUNNERS. 


371 


Regarding conditions in walking, we liavc examined 2 persons 
only, vis. Y. I., wlio is a very competent walker, and 0. 13., who 
has ncA'er gone in for walking races as a sport. (See Fig. 1 and 2. 
and Table 1.) At an average speed of little more than 8 km./h. the 
trained walker’s metabolism is less than that of the untrained one 
and the difference increases with increasing rates of speed. This very 
con.s.iderable difference is doubtless due to the fact that the com- 
parison took place between a highly trained walker and a person 
who had never practised the difficult tccliniquc of this sport. 

Piilmonart/ vaHildtion and dc.jtth of rrsjiirodon. The pulmonary 
ventilation increases in a fairly direct ratio to the increase in 
oxygen absorption. In several of the subjects the well-known 
phenomenon is, however, observed: That when the oxygen ab- 
sorption becomes very largo the pulmonary ventilation increases 
more than in proportion to the oxygen nb.sorption; this is seen 
especially in the two subjects who had had the least amount 
of training, Table 2., The largest ventilation per litre oxygen 
ab.snrbcd was seen in the subject 0. B., who had had least special 
training and who has not had any rational training in any sport 
for the past 7 years, while the best of the runners, H. S., had 
the Ic.ast ventilation per litre oxygcJi absorbed; this is especiall}' 
pronounced when the oxygen absorptions are large. It will more- 
over be seen that, this subject has practically the same ventilation 
per litre of o.xygen at all rates of work, wliich doubtless indicates 
that bis meclianism of respiration is very well-adjusted to the 
given conditions, owing to his good state of training, which is 
one of the reasons wliy no considerable accumulation of lactic 
acid takes place in the blood and interferes with the regulation 
of the respiration. The large difference between the ventilation 
per litre of oxygen in trained and untrained subjects is clearly 
.seen from a comparison between the walker Y. I. and 0. B. in 
the walking experiments. The fact tlint trained individuals do 
not require such a large ventilation at a given oxygen absorp- 
tion ns untrained ones is doubtless of no slight importance to 
their capacity for the more intense achievements, where the ven- 
tilation may become the limiting factor for the performance. 

In most of the subjects the depth of respiration is nearly the 
same at all rates of work; in a few subjects it increases a little 
with increasing ventilation. In H. S. it increases from 1.91 litres 
to 2,40 when the rate of speed is increased from 9.3 to 17.75 
km,/h. In T. B, it remains almost constant at 2.6 litres at all 
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speeds. In 0. B. it increases evenly from 1.48 to 3.10 wlien tlie 
rate of speed is increased from 4.0 to 14.38 km./h. It will appear 
from tliis that already at a moderate rate of work most of tke 
subjects adjust tbeir respiration to a certain depth, whilst one 
of the subjects, 0. B., has an evenly increasing depth of xespiia- 
tion with increasing ventilation. This individual difference, which 
does not seem to depend on the state of training, has been pre- 
^^ously demonstrated by E. Hohwu Christensen (1932) in work 
on the bicycle ergometer. 

Table 2. 

Pulmonary veniilaiion (S7’ and baromeiric pressure) per Hire 

oyygen-intalce. 







Running. 







8 

9 

10 

11 

km./hout 

12 13 

14 

15 

16 

17 

18 

H. S. 


1D.8 


18.7 

19.8 


19.1 


19.0 

18.2 

I. B. 

18.2 

17.4 


18.4 

18.2 

19.0 

21,5 

19.4 

22.4 

21.3 

E.A. 


18.4 

21.1 

18.8 

18.3 19.0 

17.2 

18.S 

17.0 



S. A. 



19,3 

20.9 

20.8 



22.0 

22.4 

21.0 

V. B. 




20.3 

19.1 

18.5 


19.7 


21.0 

E.O. 



20.2 

21.3 

10.1 

19.1 




21.9 

O.S. 

17.8 


19.4 

20.1 

19.4 

20.0 

22.4 




E.K. 


17.0 

17.0 


17.8 21,8 

19.4 

20.3 

24.0 



0. M. 

19.9 

18.4 

18.0 

20.1 

21.0 

22.7 





0. B. 

22.4 


22.0 


23.7 25.2 

25,0 










Walking. 







4 

.7 

0 

7 

km./liour 

8 9 

10 

11 

12 

13 


0. B. 

21.9 

22.0 

23.1 

23.3 

22.9 24.1 

26,8 

20.7 




V. I. 





20.0 20.0 

18.5 

19.4 

20.0 

22.0 



The .slight depth of respiration (on an average 1.6 litres at all 
speeds) and the high frequency of respiration (increasing evenly 
from 23 to 44 per minute) of the walker V. I. are remarkable 
features, which are due, presumably, to the fact that during 
walking races the respiration is less free than during running, 
because at a quick walk the abdominal muscles are constantly 
rather contracted, thus interfering with the respiration. In this 
connection it should, however, be noted that in the subject 0. B. 
the depth of respiration is not less when he walks than when 
he runs at the same oxygen absorption, which may be due to 
a difterence in technique of walking in the two subjects; there- 
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fore an examination of several walkers is required before anything 
definite can be said about this point. 

The length of steps at the different speeds of running and walking. 
To increase our speed when walking or running we must either 
take more steps per minute, or take longer steps, or we may 
increase both the length and the frequency of the steps. One 
would expect the third method to be the one actually resorted 
to, but it appears that with increasing speed the frequency of 
the steps is Httle increased whilst, on the other hand, the length 
of the steps is greatly augmented. As an instance may be men- 
tioned that at an average speed of 9.3 km./h. the frequency of 
steps in H. S. is 160 per minute and at a speed of 17.75 km,/h. 
it is 176, the corresponding lengths of steps being 97 and 168 
cm. respectively. In the case of A. S. the corresponding figures 
are 160 and 182 and 102 and 168. The other subjects showed 
similar results. Running correctly at the speeds examined here 
(8 — 18 km./h.) the runner will thus preferably increase the speed 
by augmenting the length of his steps. 

The explanation of this tendency to keep a fairly constant 
frequency of steps, irrespective of the speed, may perhaps be 
sought in the fact that within the speeds examined here the 
movements of the legs in certain phases may take place as pen- 
dulum movements and consequently be of a definite rhythm; 
if the latter has to be retarded or urged on it will demand addi- 
tional muscular activity. 

As far as walking races are concerned we counted the frequency 
of steps for one subject only, V. I. It appeared that the frequency 
of steps increased evenly from 168 per minute at a walking speed 
of 7.50 km./h. to 188 at a speed of 12.78 km./h,, and the length 
of steps from 79 to 113 cm. Thus in walking there seems to be 
a greater tendency to increase the frequency than to increase the 
length of steps. This tallies well with the theories advanced above 
in connection with running; It is a well-known fact that when 
we walk the legs do not move like pendulums, but have to be 
moved forwards by active muscular energy alone. At a quick 
Avalk this forward movement of the legs becomes very powerful, 
because many of the muscles of the trmk and the arms have to 
function in order to swing the legs forwards. This fact explains 
why a quick walk is more exerting and requires a greater energy 
transformation than running at the same speed. 
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Summary. 

The object of the present paper is to elucidate some of the 
factors determining the difference of efficiency between the best 
runners and other well-trained individuals who have not gone 
in for running with a special \'ie'w to competition. A single prom- 
inent walker has also been included in the series of experiments. 
Determinations of metabolism, frequency and volume of respira- 
tion and number and length of steps were made in subjects who 
were running or walking on a flat-belt conveyor driven by a 
motor. 

The o-xygen absorption found varied from 906 to 4,450 cc. per 
minute and increased practically in a direct ratio to the rate of 
running and walking, as long as this was what the subject could 
manage fairly easily. If this limit was exceeded, the oxygen ab- 
sorption increased in a comparatively steeper curve. At a quick 
walk a larger oxygen absorption was found than at a run at 
the same speed. 

The production of calories per kg. body weight and km. was 
practically the same at all speeds of running between 8 and 18 
km./h., whilst it was increased in walking at the higher speeds. 
There was no certain difference in the consumption of calories 
per kg. body weight and km. in the different trained runners, 
while it was a little higher in untrained subjects; this difference 
was even larger in walking. 

The pulmonary ventilation increased in proportion to the oxy- 
gen absorption; in the least well-trained subjects there was a 
disproportionately large increase in the ventilation at the largest 
oxygen absorptions, and the ventilation per litre of oxygen ab- 
sorbed was highest in the least trained subject. 

In most of the subjects the depth of respiration was nearly 
the .same at all rates of ventilation. In a single subject, however, 
the depth of respiration increased evenly with the rate of ventila- 
tion. In walking races a comparatively slight depth of respiration 
was found. 

The frequency of steps is only slightly increased with increasing 
speed in running, but the length of the steps is greatly increased; 
but in walking races there seems to be a greater tendency to 
increa.‘;e tlie frequency of steps at increasing speeds. 
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Oil tlie Affinity of Pig Pancreas Lipase 
for some Lower Triglycerides in 
Homogeneous Solution. 

By 

FRITZ SCH0NHEYDER and KIRSTEN VOLQVARTZ. 
Eeceivcd 4 April 1944. 


Only a few investigations on the affinity of pig pancreas lipase 
for lower triglycerides in homogeneous solution have been reported. 
SoBOTKA and Glick (^1934) have determined the affinity of pig 
pancreas lipase for tiibntyrin and found Michaelis constant 
K, = 6.00 X 10“*. INo activators were used, Weinstein and 
Wynne (1935 — 36) have examined the hydrolysis of tripropiomn 
by pancreas lipase in the presence of egg albumin, gum acacia 
and calcium chloride. Velocities calculated from the Michaelis 
equation did not agree satisfactorily wth the observed velocities. 
Keahling and Webek (1938) have determined Kg for pig pancreas 
lipase towards triacetin in solution without and with sodium oleat 
and calcium oleat. In all cases they found the same Kg = 0.25. 

It appears from the following paper that it has not been possible 
to verify the above mentioned K, values. With five of the lowest 
triglycerides no deidation from proportionality between substrate 
concentration and lipase activuty was found in tbe range where the 
triglyceride solutions ivere homogeneous with certainty. Calcium 
chloride, bile salts and egg albumin do not change tbe relationship 
between substrate concentration and enzyme activity. The relative 
velocities of the hydrolysis of the triglycerides in homogeneous 
solution are embodied in tbe present report. 
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Experimental. 

Substrates. Triacetin, tripropionin, tributyrin, trivalerin and trica- 
proin were used for the experiments. The solubities of these triglycerides 
in water at 30°C were determined by the method of Sobotka and Kahn 
(1931). To known amounts of water a little sudan was added. Then 
triglyceride was added dropwise from a graduated O.i cm® pipette. 
When the solution is saturated with triglyceride the sudan will be taken 
up by the fat particles, and the presence of transparent globes, demon- 
strated by aid of a magnifying glass, is taken as a criterion of saturation. 
The results are given in Table I which also contains the molecular weight 
determined by saponification (Slexp) and d”/. 


Table I. 

Solubility of Triglycerides in Water at S0°C. 


Triglyceride 

^exp 

djo 

g per 

1 solution 

Molecules per 

1 solution 

Triacetin 

223 

1.154 

73.2 

0.328 

1 Tripropionin 

260 

1.080 

5.34 

0.0205 

j Tributyrin 

302 

1.030 

0.20 

6.6 X 10-4 

1 Trivalerin 

365 

1.011 

0.038 

1.04 

j Tricaproin 

407 

0.081 

0.0045 

0.11 


Enzyme. Pig pancreas lipase has been prepared according to the 
method of Willstatter and Waldschmidt-Leitz (1923). According 
to the different activity of lipase towards triglycerides the glycerol 
extract was used undiluted or in suitable dilutions with glycerol. The 
enzyme solutions were kept in ice or in the ice-box. In order to work 
with constant enzyme activity the Kg determinations for each trigly- 
ceride were carried out in the course of 1 or 2 days. 

Bderminaiion of the enzymatic hydrolysis. The measurement of the 
lipase activity was carried out by a modification of the method of 
^^affl-Lenz (1923), not using indicator but measuring pn electro- 
metrically by means of a protected glass electrode and a Radiometer 
potentiometer. The experiments took place in a water thermostat at 
30°0 i 0.2° in a small isolated room kept at the same temperature. 
The glass electrode and the reference electrode were inside this room, 
the potentiometer outside at ordinary room temperature. The pn in the 
reaction mixture was kept at about 7.2 to 7.5 by adding dropwise O.oi 
to 0. 04 n NaOH to neutralize the acid liberated as fast as it was formed 
during the enzymatic hydrolysis. The number of drops (1 cm® = about 
4r0 drops) added during the first 10 min. of the reaction give a relative 
measure of the initial velocity. This value is computed graphically from 
the curve showing the relation between added drops and time. In the 
course of 8 to 20 min. it is possible to get 6 to 8 points on the curve, 
which is generally linear in the beginning in agreement with the degree 
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of livdrolvsts not. exceeding 10 per cent. In the case of trivalerin and 
tricanToiri at the lowest substrate concentrations it was only possible 
to net 2 to 3 points on the curve. According to the solubility in water the 
amount of substrate solution varied from 20 cm^triacetin) to 500 cm® 
(trivalerin and tricaproin). In most of the experiments small amounts 
of Slichaclis veronal buffer (0.4 to 1 cm®) withpn = 7.7 were added to 
the mixture to ftvoid too great pn displacements. The veronal buffer 
docs not influence the reaction velocity. The reaction was started by 
dropping small glass vessels containing o.l to 2.0 g of enzyme into the 
substrate solution which beforehand had been adjusted to the proper pg. 

The following e.xperiment demonstrates the technique in details. 
The solution contained 0.892 1 g triacetin + 0.4 cm® veronal buffer + 
17.7 cm® water -f 0.9999 g enzyme (1 : 10). — Immediately after the 
addition of 0023^10 pn was measured. By addition of 0.04 n NaOH 
dtopinsc the pH was brought above this value, see Table II. By inter- 
polation the times corresponding to the initial pn were determined. 
Number of drops were plotted as ordinate with time as abscissa. The 
inclination of the straight line gives the initial velocity = 25.7 drops of 
0.04 n NaOH per 10 min. 

Table H. 

Hydrolysis of Triacetin. 


1 

Time in min. 

Ph 

1 Number of 

1 drops added 

Time corres- 
ponding to 
! Ph=7-40 

0 (start) 

1.00 

1 

7.40 

! 

1 

0 

1.00 

1.92 

7,42 

3 

2.10 

2.07 

7.335 

» 


3.07 

7.41 

7 

3.77 

4,5B 

7.32 

> 


0.33 i 

7.405 

11 

5.38 

6.00 i 

7.345 

> i 


7.58 

7.442 

IS 1 

8.04 

8.75 

7.335 

» i 


.3.07 

7.395 

22 I 

9.59 

! 10.08 

7.370 

» j 

Result: 25.7 drops 1/25 n NnOH per 10'. 




In some cases single determinations with various amounts of enzyme 
towards tlie same substrate concentration have been carried out, in 
other cases double or triple determinations with one amount of enzyme 
towards the same substrate concentration, after having shown in pre- 
hminar3* experiments that there is no deviation from proportionality 
between enz3'me concentration and velocity in the enzyme-substrate 
concentration range examined. In the case of triacetin, tripropionin and 
tributpin the velocity measured has to be corrected for spontaneous 
h3droH"sis, which is not negligible. With trivalerin and tricaproin no 
spontaneous hydrolysis could be demonstrated. 
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The following experiments on tripropionin give a typical example 
which demonstrates the accuracy of the method employed. The reaction 
mixture consisted of tripropionin in different concentrations, 1 cm® of 
veronal buffer, varying amounts of enzjnne solution and water, 50 cm® 
in all. Ph was adjusted by addition of O .02 n NaOH. v is given as 2 X the 
number of drops per 10 min. The degree of hydrolysis did not exceed 
5 per cent, in most cases it was less than 3 per cent. The results are to be 
found in Table III, shomng close proportionality between velocit}’’ 
and substrate concentration. The coefficient in the last column (Table 
ni) has an average of 5 . 00 with 0" = 0.4C, i.e. V = 9.2 per cent. For 
a double determination Y = 6.5 per cent. 

Table III. 


Hydrolysis of Tripropioniji hy Pig Pancreas Lipase. 


Tripropionin m X 10® 

! 

i Enzyme 
g 

' uncorr 

'corr 

g enz. xmxlO® 

l.co 

1.0001 

9.5 

5.44 

» 

2.0001 

1G.3 

4.85 

3.00 

1.0000 

14.2 

4.24 

» 

1.5001 

24.5 

5.23 

» 

2.0001 

30.2 

4.79 

6.00 

0.1999 

16.5 

4.51 

» 

1.0000 

32.1 

4.90 

t * 

1.5000 

45.1 

4.71 

9.00 

0.2500 

15.1 

4.87 

» 

0,5000 

.31.2 

5.94 

‘ 

1.0000 

51.0 

5.24 

15.01 

0.2501 

25.3 

4.77 

15.00 

0.5000 

48.9 

5.52 


Ilesults. 

Table IV contains the results of experiments mth five different 
triglycerides in homogeneous solution. The velocities given arc 
average values of double determinations. The reaction mixtures 
had the following composition: 

Triacetin; Triacetin + 0,4 cm® veronal buffer + enzyme solution 
+ water, 20 cm® in all. Titration with 0.04 n NaOH. 
Tripropionin: Tripropionin + 1 cm® veronal buffer + enzyme solu- 
tion + water, 50 cm® in all. Titration with 0.02 n I^aOH. 
Tributyrin: Tributyrin + 1 cm® veronal buffer + enzyme solution 
+ water, 100 cm® in all. Titration with 0.02 n NaOH. 
Trivalerin and Tricaproin: Triglyceride + enzyme solution + 
water, 500 cm® in all. Titration with 0.01 n NaOH. 
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Table IT. 


i ! 

i ■" i 

Enzi’me 
in g 

2'corr 

' corr 

V in 
per cent 

g 

g X m 

1 2.00 X 10-2 

1.000 

4.33 

2.17 X 102 


! 4.00 

1.000 

8.42 

2.11 


1 10.00 

1.000 

22.00 

2.20 


1 16.00 

1.000 

.33.74 

2.11 


: 20.00 

1.000 

49.30 

2.40 


i 

) 

1 

average 

2.21 

6.0 

i 

i 

1 1.90 X 10-2 

1.200 

10.85 

5.3.5 X 103 

i 

i 

1 .3.99 ^ 

1.200 

20.05 

5.17 


1 5.98 

1.200 

35.8 

5.90 


' 8.57 

1.200 

48.3 

5.03 


, 11.50 

1.000 

66.3 

5.70 


1 13.00 

0.800 

70.4 

5.42 


; 17.00 

0,800 

97.5 

5.74 




average 

5.57 

4.9 

O.oo X 10-^ 

0.500 

25.35 

28.2 X 10* 


‘ 1,80 

0.500 

68.5 

32.5 

■ ! 

.!}.G0 

0.23O 

92.8 

25.8 

1 

4.80 

0.25O 

136.3 

28.4 

1 

5.92 

0.250 

172.0 

29.1 

i 

{ 



average 

28.8 

10.1 1 

1.04 X 10-2 

O.coo 

46.7 

44.8 X 103 


2.08 

O.coo 

96.0 

46.1 


4.1C 

O.GOO 

179.5 

43.1 


6.24 

0.300 

320.0 

51.2 



! 

average 

46.3 

7.9 

0.3G5 X 10-2 

2.000 

10.33 

28.3 X 105 

i 

0.7.80 

2.000 

1S.4 

25.2 — — 


1.00 

! 2.000 

29.7 

27.2 



i 

average 

126.9 

5.9 


Triglyceride 


: Triacctin 


Triiiropionin 


Tribiitvrin 


Trivnlorin , 


Tricaproin 


ni— molarity of substrate. v= 2 X number of drops NaOH in 10 minutes.. 


It appears from Table IV that = K X g X m, i.e. the 
corrected velocity per g of enzyme is proportional to substrate 
concentration for the triglycerides examined in homogeneous 
solution. In the experiments described in Table III a variation 
coefficient, V, of 6.5 per cent tvas found for double determinations. 
V, given in Table I\ agrees fairly well with this value. With a 
finite K, value one would expect decreasing of the ratio VcottIE ^ tn. 
In none of the e.vperi: aents this ratio showed a trend to decrease. 
According to ilichaelis’ theory this means that K, is oo or very 
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large compared witli the substrate concentration measured. The 
affinity, yliich is the reciprocal of K„ is thus very small. 

It ought to be mentioned that the reaction velocity increased 
abruptly far beyond iiroportionality when the amount of substrate 
per unit of volume exceeded the saturation limit, but in hetero- 
geneous system rvithout activators the .reaction velocities could 
not be reproduced with the accuracy Avanted. We hope to return 
to this question in a later publication. 

WiLLSTATTER, WALDScii.MiDT-LEm and JIem.men (1923) and 
WiLL-STATTER and [Me.mmen (1921) e.xplain the effect of activators 
(protein, bile salts a, o.) on lipases by the formation of complex 
adsorbates of enzyme and substrate. Some experiments were 
undertaken to examine the po.ssiblc influence of some of the 
activators on the 2v, A’alue. As bile salt sodium taurocholate was 
used in one experiment and in the rest — owing to the impos-sibility 
of getting more sodium taurocholate — dried ox bile in glycerol, 
prepared according to the method of Balls, Matl.vck and Tucker 
(1937 — 38). In preliminary experiments the optimum concentra- 
tions of the activators Avere determined. The substrate in these 
experiments was 50 cm* of G X 10~’ m tripropionin, containing 
A'arying amounts of actiA'ntors. No acceleration could be proved 
AA*ith certainty for egg albumin. The optimum concentration for 
sodium cholate Avas GIO mg per cent and for ox bile in glycerol 
10 per cent by volume, the maximum increase being about 50 per 
cent. By addition of calcium chloride the A'elocity rose rapidly 
reaching a level at about 80 mg per cent calcium chloride, the 
maximum increase being about 300 per cent. On the basis of these 
experiments the following concentrations Avere chosen; 640 mg per 
cent sodium taurocholate, 10 per cent by Amlume of ox bile in 
glycerol, 200 mg per cent calcium chloride and 200 mg per cent egg 
albumin. 

Table V summarizes the residts of o»:r experiments Avith addition 
of calcium chloride, bile salts and egg albumin. In these experi- 
ments, too, proportionality Avas found between substrate concen- 
tration and enzyme acti\'ity. The very low affinity found in the 
system.s inA'cstigated does not make it po.ssible to decide Avith 
certainty Avhether the actiAmtors influence Kj. 

Krahling and Weher (1938) huA'c not been able to demon- 
strate any influence of activators on the affinity of pig pancreas 
lipase for triacetin. These authors find for triacetin without and 
with actiA'ntors a finite K, value equal to 0.25. However, when the 
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TnT)lo Y. 

Effect of Varying Substrate Concentration on Reaction Velocity 
in the Presence of Activators. 


- ■■■ ■ ■ 

Triglyceride 

m 

Enzyme 
in g 

'corr 

V 

^ corr 


g 

g X m 

Triaeetin 

2.00 X 10-2 

0.5OO 

26.7 

13,35 X 10-' 



5.00 

0.500 

64.3 

12.86 



10.00 

0.500 

129.0 

12.90 



16.00 

0.250 

205.6 

12.85 



26.00 

0.250 

331.6 

12.75 





average 

12,95 

,1.78 

Tripropionin (I) . . 

1.99 X 10-3 

0.500 

41.1 

20.05 X 108 



4.98 

0.600 

116.1 

23.3 



13.00 

0.250 

239.3 

18.4 



17.00 

0.250 

404.O 

23.8 





average 

21.54 

11.6 

Tripropionin (II) . 

2.17 X 10-3 

0.400 

22.5 

10.36 X 108 



4.34 

0.500 

53.6 

12.35 



8.14 

0.500 

85.0 

10.45 



13.04 

0.400 

138.5 

10.62 



15.01 

0.300 

179.5 

11.95 



17.00 

0.250 

195.0 

11.45 





average 

11.20 

7.5 

■ 

Tributyrin 

0.79 X 10-^ 

0.500 

33.85 

42.0 X 104 



1.59 

0.5OO 

66.5 

41.8 



3.18 

0.25O 

160.5 

50.4 



4.52 

0.250 

214.4 

47.4 



5.42 

0.250 

266.0 

49.9 





average 

46.0 

8.4 


~ niolnrity of substrate, v = 2 X number of drops NaOH in 10 minutes. 
^10 triaeetin solutions contained: CaClj, egg albumin and os bile in glycerol. 
Tripropionin I; CnCl., egg albumin and sodium tauro-cholato. Tripropionin II; 
CnCI. and ox bile in glycerol. Tributyrin: CaClj and ox bile in glycerol. 

substrate concentrations and velocities are calculated from their 
graphic representation and an attempt is made to compute Kg 

graphically from the straight line — = ~ .^2 it appears that 

the points fall badly on a straight line, Kg thus being determined . 
inaccurately^ Weinstein and Wynne (1935—36) have tried to 
determine K, for tripropionin. by measuring the velocity at 10 
different concentrations. When their results did not agree satis- 
factorily with the Michaelis theory, this is perhaps due to the fact 
that they ha%*e worked in heterogeneous systems. According to 
our invc.stjgations the solubility of tripropionin in w’ater is 0.0205 
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m, and Weinstein and Wynne state to have measured in the 
concentration range 0.016 m to 0.16 m. As previously mentioned 
SoBOTKA and Glick (1934) have found a finite Kg for tributyrin 
and pancreas lipase. According to their data this value is deter- 
mined vith great accuracy. We have have not been able to verify 
these authors’ findings neither -with the enzyme preparations 
mentioned in this paper nor with other enzyme preparations, and 
we do not tmderstand how Sobotka and Glick can extend their 
homogeneous range to 22 x 10"^ m tributyrin. 

As the experiments mentioned in Table IV and V were carried 
out with different samples of enzyme solutions the Yconls X 
values are not comparable. Kor the purpose of comparison the 
initial velocities for the different triglycerides in homogeneous 
solution were determined in experiments which were carried out 
in one day with the same enzyme preparation in varying amounts. 
No activators were used. Table VI shows the relative initial veloci- 
ties for the same amount of enzyme and substrate concentration. 
The figures are related to an arbitrary value of 100 for tributyrin. 
It is seen that tributyrin is split vdth maximum initial velocity 
in agreement with the results previously published by the author.^ 
(ScHONHEYDER and VoLQVARTZ, 1944). When we have not found 
the identical relative velocities it is probably because the system 
earlier investigated contained activators and only triacetin and 
tripropionin were present in homogeneous solution. 

Table YI. 

Belative Initial Velocitij of Hydrolysis of Triglycerides 
by Pig Pancreas Lipase in Homogeneous Solution. 


Triglyceride 

^rcl. 

Triacetin 

0.062 

IVipropionin 

3.25 

Tributyrin 

100 

Trivalerin 

10.7 

Tricaproin 

27.3 


Summary. 

The affinity of pancreas lipase for triacetin, tripropionin, tri- 
butyrin, trivalerin and tricaproin has been investigated in homo- 
geneous solution without activators and in the presence of bile 
salts, calcium chloride and egg albumin. 
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1. The solubilities in 'water at 30°C were determined for tbe 
triglycerides examined. 

2, The initial velocity of hydrolysis varied directly a3d;he en- 
zyme concentration. 

' 3. The initial velocities were directly proportional to substrate 
concentration in the systems without and with activators. The 
affinity of pancreas lipase for the triglycerides in • homogeneous 
solution thus being extremely low. 

4. The relative initial velocities for the hydrolysis of five tri- 
glycerides in homogeneous solution by pancreas lipase are given. 

Professor, Dr. Hakon Lund, Chemical Institute, Aarhus, has 
kindly prepared some of the triglycerides used. 
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Die Verfasser dankcn diesen ihren Mitarbeitern lierzlichst. 




Einleitimg und Zielsetzung. 


Dem Gehalte der Cerealprodukte an Vitamin Bj (Aneiirin) hat 
man in den letzten Jahren lebhaftes Interesse zugewendet, weil diese 
neben den Kartoffebi die ■ndchtigste Kohlehydrat- und Bi-Vitamin- 
quelle des Menschen ausmachen. Besond'ers die in den anglo-ameri- 
kanischen Landem angeblich hohe Frequenz leichter Bj-Hypovita- 
minosen hat man in Verbindimg gebracht mit dem geringen Anenrin- 
gehalt der dort verzehrten Cerealprodukte gegenuber deren hohem 
Kalorienwert. Es besteht namlich die Meinung, dass der Bedarf an 
Vitamin Bj in erster Linie von der Anzahl zugeinhrter Kohlehydrat- 
und Eiweisskaloricn abhiingt., wegen der Schlusselstellimg dieses 
Vitamins fur den Kohlehydrat- und Eiweissumsatz. Da nach unseren 
jetzigen Kenntnissen die Cereaben im Naturzustande einen tTber- 
schuss des fraglichen Vitamins im Verhaltnis zu ihren Kohlehydrat- 
imd Eiweisswerten enthalten, so hat sich das Interesse auf die Frage 
konzentriert, vie die industrielle und haushaltstechnische Bearbei- 
tung der Cerealien eine solche Herabsetzung des Bi-Vitamingehaltes 
zu verursachen vermag, dass dadurch Mangelerkranlomg eintreten 
kann. 

Vielfaltige Untersuchungen haben festgestellt, dass der Haupt- 
bestandteil des Weizenkornes, das Endosperm (s. Fig. 1.), das Aneu- 
rin nur in sehr geringer Konzentration enthalt. Dagegen findet sich 
dieses voUig dominierend in Keim und Aleuronschicht, von denen 
die letztgenannte unmittelbar unter der schiitzenden Samenhiille 
liegt. PuLKKi und Puutula (1941) konnten den Nachweis fuhren, 
dass der Gehalt der Samenhiille an Vitamin Bj verhaltnismassig 
niedrig und sicher geringer ist als fiir das Korn im ganzen. 

Bei der Vermahlung des Weizens ist man bestrebt, das Endosperm 
von Keim rmd Aussenschicht zu trennen, velche durch ihren Gehalt 
an u. a. Fermenten und Salzen im hochsten Grade nachteilig auf 
die haushaltstechnischen Eigenschaften des Mehles (Backfahigkeit 
u. s. w.) einwirken. Im Verlaufe der Ausmahlung teilt man das Kom 
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in cine gro?se Zahl ?ogenamitcr Mchlpassagen. Diese iverden nacli 
ihrein Asclicngelialt Iclassifjzierfc, der in gewisser Weise die morpho- 
logi^cho Horknnft der Praktion ausdriickt, insofern als die Samen- 
iiiiile den lioclisten Ascliengclialfc liat, Mernackst der Keim und die 
Aleuronscliicht. Das Kndosperm selbst isfc asclicnarni. Bei Erzeu* 
gang dor liandelsiiblichcu Mehlsorten wiihlfc imd misebt man in 
erster Linic diejenigen lilehlfraktionen, welche den geringsten Aseben- 
golialt liaben, und spricht. dann von Mebl versebiedener prozentualer 



I'ip;. 1. Solicmntischo Dnrstcllung oincs 'Weizenkornes. A. Bart. B. Samon- 

Jitillo. C. Alcuronzellonschicht. D. Endosperm. E. Scutollum. F. Koim. 

Ausmablungsgradc. Untcr 70% At<sbeute verstebt man also, dass 
man 70% Jlebl und einen Rest von 30% crbalten bat, der aus soge- 
nanntein Nacbmebl imd Kleie besteht (s. S. 10). 

Inn cine eingebendero Kenntnis des Vitamingebaltes versebiedener 
R cizenmcblsorten zii geunnnen, muss man zunaebst nnssen, wie 
dic.se in cincr modernen Gro.ssmublc bcrgestellt werden. Die iiblicbe 
Angalie dor Vitaminziffern fi'ir Meble von vcrscbiedenenprozentualen 
Ausmablung.sgradcn reiclit niclit aus, sondern es bedarf einer griind- 
li(;bon Analyse aller in dem Endprodukt entbaltenen „Passagen“. 
Aus.scr Gebalt an Vitamin B^ sind demnacb die mublontecbnischen 
^ ariablcn zu bestimmen: X)rozentuale Passageausbeute, Aseben- 
gebalt. Protcinmonge, Backfiibigkeit und eventuell Gebalt an Eett. 
Dos vcitcren muss die Herkuuft der Passage durch genaue Namen- 
b<-zoichming angegeben werden. Irgendwelcbe in dieser Hinsiebt 
v oll.^tiindigen Arbciten waren niebt aufzufinden.^ Am besten ent- 

' Dio mwlo-ntncriknnischo Litorofur der Kriog/jjnliro nnf diosom Gobiofo 
v.nr im Kro-'-cii nnd pitizen nielit zugiinglich. 
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sprecliea diesen Anforderungen Untersucliungen von Schulertjd, 
Kaoter und Erichsen (1941), Pulkici nnd Puutula (1941), Litzen- 
BORF und Schneider (1942) sonde Ziegler (1943). Im folgenden 
soil iiber eine Analyse aUer Fertigprodulcte einer modernen Weizen- 
rniilile bericlitet n^erden. Diese Mithle ist reprasentativ fiir jede 
moderne europiiiscbe Grossmuhle, wesbalb die Analysemverte als 
von allgemeinem Interesse angeseben vrerden konnen. Kleinmiihlen 
teilen das Weizenkorn nicbt in dieselbe grosse Anzahl Fralrtionen, 
und die erbaltenen Werte siiid deshalb nicbt direkt fiir solclie Mliblen 
anwendbar. 



Scliematische Beschreibung des Vermahlimgsverlaiifes in 
einer modernen Weizenmiihle. 

Das Gctrcide gelit ziinaclist durcli die Reinigimgsabteilung, wo es 
dutch Sieben, Liiften, Sortieren und Wascben von Eremdteilen be- 
frcit wird. Ein kriiftiges Biirstverfabxen entfernt lose Aussenscbalen- 
teilc und Bart. In einer Anzabl Miihlen werden aucb Spitz- und 
Schalraaschinen verwendet, mittels deren man die Weizenkeime 
bis zur Halfte wegnehmen resp. einen Teil der Komscbale abschleifen 
kann. Im vorliegenden Falle sind diese Maschinen nicht benutzt 
worden. 

Die Yermahlung. des gereinigten Weizens gescbiebt zwischen 
liogenden ^^’a\zen in sogenannten Walzenstuhlen, die in dxei parallelen 
Serien angeordnet sind, so dass die Vermablung in drei Etappen vor 
sich geht. 

1. Das Gctrcide passiert zuniichst die „Schrotungsserie“. Imersten 
Walzcnstuhl dieser Seric wird das Korn aufgerissen. Die Absicht 
dabci ist, so grosse Endospermstiicke wie mogbcb von der Schale 
zu losen, ohne diese erheblich zu pulverisieren. Hinter dcm Walzen- 
stuhl befindet sich ein Sichtcr, welcher die Schrotungsprodulcte 
nach deren Bartikelgrosse auftcilt. Hierbei erhalt man vier Erak- 
tionon, welche als Vbergang, Griess, Dunst und Schrotmelil bezeich- 
nct werden. 

a. Der „tlbergang“ wird nocbmaliger Schrotung im Walzenstuhl 
2 unterworfen, wodurch ein weiterer Satz der genannten Pro- 
dukte crhalten wird. Dieses Verfahren wiederholt man fiinf- bis 
siebenmal, wobei jcdesmal die erwahnten vier Produkte anfallen. 
Der tibcrgang der .sechsten und siebenten Schrotung macht die 
sogonannte Kkic aus. die aus einem Gcmisch von bauptsiichlich 
S.iinonschale. etwas anhangendcr Alcuronschicht und einer klcinen 
^lenge Endosperm besteht. 

b. Der .,Gricss“ der verschiedenen Schrotungen wird je nacli 
Beiuheit und Partikelgrosse zu venschiodenen Gruppen vercinigt. 
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Diese ,,Griesgruppen“ passieren sodann Sortiersicliter zwecks wei- 
tarcr Kontrolle der ,,.Gricssdimensionen“. Avobei etwas Abreibmehl 
entsteht. Sie gelien daiin durch die Putzmaschinen, wo sie vuiter 
Absieben im Lnftstrom von mitgcnommencn Kleiepartikeln befreit 
wcrden. Das kleiebaltige Produkt, „K(ypj)cn‘\ wird nochmals ge- 
scbrotct. 

2. In der Griessauflbsiingsserie Avird der Griess in Parfcikel zer- 
legt, dercn Grosse ctAvas grober ist als die des Mehles; dieses Produkt 
heisst Dunst. Der Griess AAurd also nicht direkt in Mebl verwandelt, 
denn dies A\-urde cine starke Verengung des Walzcnzwiscbenraumes 
verlangen. tind die dadurcli entstcbendc Korrosion der Starkekomer 
Ariirde die Backffiliigkcit des Mehles lierabsetzen. Bei der Griessauf- 
losung bildet sich indessen ctAA’as Melil; dieses Avird abgesiebt und 
heisst im Protokoll Mehl der 1., 2., 3 u. s. w. Griessauflosung. 

3. In dcr dritten Yermablmigsserie Avird der Dimst durch 10 bis 
14 in einer Scrie geordnete Walzenstiihle mit ZAnschengeschalteten 
Sichtem in Mehl iibergcfuhrt.. Die Produkte heissen 1., 2., 3, u. s. av. 
DunstmehL Die fiinf ersten Walzenstiihle arbeiten mit einheitlichem 
Dunst A'on der Griessa\ifl6sung; von der sechsten Dunstpassage an 
AA’erden jedoch gcAA-isse dunstfihnliche Fraktionen Amn anderen Teilen 
der Vermahlung zugesetzt. 

Durch den Schrotungsprozess AA'crden die Keime freigelegt, die 
ungefahr cbenso gross sind aaic der grobste Griess. Sie gehen des- 
halb mit diesem durch Sortierung \md Griessputzerei bis zur ersten 
Griessauflosungsmaschine. Der Griess wird bier in Dunstpartikel 
zerlegt, wahrend die Keime zu Scheiben gepresst Averden, die man 
absiebt. Weiterc AusAvalzung und Aussortierung erfolgt in den so- 
genannten tlbergiingen. 

^ Dio Passageproben, fin wolchcn die vorliegendo Untorsuchung n\isgofuhrt 
Avorden ist, Arurden in der Miihlo zu einer Zoit gonommen, als durch staatliche 
Vorschrift eino prozentunl besonders hoho Srohlausbeute A’orgeaohrieben Avar. 

So Bollten von AVcizen Avonigstens 70 % zu Weizonmohl und aussordem 11 % 
zu Woizennachmohl nusgeroahlen werden. Das letztere sollte verordnAings- 
gemtes Eoggcnsicht- oder Roggenschrotmehl zugesetzt Averden, 

Wegen dor hohen 3Iehlentnahmo AA'or es aus muhlentechnischen Griinden 
notAvendig, in alien Passa’gon das Mehl grCbor zu sichten als unter normalon 
UmsUinden. 



Metliodik. 


Cheniischc Analyscn. 

Harris iind Wang (1941) sowie v. Hellexberg (1942) liaben fcst- 
"ostcllt, (lass giitc Hbereinstiramung bestebt zwiscben Kesnltaten, 
di(' einorseits durcb biologiscbe Bestimmung von Vitamm Bi, andrcr- 
S('its nacb Jansens ThiochromverfaJircn gewonncn wiirden, nacbdcm 
dieses (hircb Beriicksiebtigung gebundencr Aneurinformen verbessert. 
worden var, welcbo be,i IcTmcntativcr Spaltnng in Ereibeit gesetzt 
werden. Zum niimlicben Ergebnis kam cin amerikanisebes Komitec 
(the Vitamin Bi-subcommittce of tbe Accessory Food Factors 
Committee of tbe Medical Rcscarcb Council) auf Gmnd von Kon- 
trollcn in mebreren Laboratorien. 

Die von v, Fellenberg angcgcbcnc Metbodik wurde mit gewissen 
Modifikationen befolgt. Vor Oxydation des Aneurins zu Thioebrom 
wurden nacb Vorsebrift von Harris und Wang 3 ml Metbylalkobol 
zugesetzt, um die Empfindlicbkeit gegen Hbersebuss des Oxydations- 
mittcls borabzusetzen. 

Abwcicbend von diesen Autoren wurden die Ablesungen niebt in 
Proberdbreben vor der Analysenquarzlampe vorgenommen, soudern 
os v'urdcn zwei planparallele Kiivetten verwendet, in welcbe das 
Licht scnkrccht gegen die Flussigkeitsoberfliicbe einfiel. Hierdurcb 
gewinnt man im Gegensatz zum Reagenzrobr Vergleicbsflacbcn mit 
gleichmiissiger Liclitvcrteilung; aucb kann man durcb Absebirmung 
des Lichtbundels unmittelbar iiberdcn Kiivetten die Eigenfluoreszenz 
des Glasos aussebliessen. 

Die bostc Farbglcicbbcit bei Ablesung wurde erbalten. wenn man 
die O-Probc mit nur der beim Hauptversueb-angewendeten Mcnge 
Substratoxtrakt versetzte. Die wabrscbeinlicbe Erklarung dafiir liegt 
darin, class beim Hauptversucb die iibrige Substanz, wclcbe Fluores- 
zonz gibt, bei Zugabe von KjEeCN^ teilweise zusammen mit dem 
Anenrin oxydiort wird. 

Eine irgendwie sicbere Zabl filr die Foblcrgrcnzc der Metbode bei 
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sorgfiiltigen Analysen liisst sich nichfc angeben, clocli diirfte der Wert 
bci ± 10—20% liegeu. Die Felder Hegcn indcs vorwiegend in nega- 
tiver Eiebtung, infolge unbefriedigender Extraktion, Spaltung nnd 
Oxydation sowio ausserdetn wegen Vorextraktionsverlusten. Sowolil 
zii liolie %vie xii niedrige AVerte konnen entstclien durcli Felder bei 
dor HerstelUmg der Tbiocbrom-Standardlosungen und bei der Ab- 
lesiing. Die grosste Sclnvierigkcit liegt in der Erzielung exaktec 
Farblosigheit. da voliigo Ansschaltimg des Eigenfiuoreszenztones bei 
den ascbcreicbcn Alehlfraktionen trotz der A'orextraktionen nur 
sclnver zu ermoglicben ist. AVenn cine leichtc Differenz in der Eigen- 
fiuoreszonz nicht zu grosser Unsicherheit in der Beurteilung fiihren 
soli, bedarf cs langer Ablcsung;sge\vohnheit. Daraus diirfte liervor- 
geben, da.ss zur Ge^s•innung einigermassen exakter AA^erte cine Mebr- 
zabl von Bestiinmungon erfordcrlicb i.st. In dem imtcn mitgeteilten 
Analysenprotokoll stellt die A^itaniinzabl das Alittel ans gefundenen 
AVerlen dar. Die Anzabl Bestimmungen bei jedcr Fraktion scbwankte 
zwLscbcji 2 und G, jc naebdem ob die Konstitution des fraglicben Pro- 
duktes von be.sondcrcr Art odor der von anderen abnlicb Avar. 

Die Aschcnu'crfc Avurden durch A’’craschung auf trockencm AA’’ege 
mit Alagnesiumacetat crbaltcn. 

Die Profeinbcsdmnmngcn Aviirdcn nacb dcr Kjeldabbnodifilvation 
A’on H. Lukiun und J. Eelburg (1928) ausgefiibrt. 

Die Fctthestiirumtiigcn Avurden mittels Extraktion im Soxhlet- 
apparatc, die Fcuchtigl-citshcstimmungcn niit Brabenders Halb- 
automaten vorgenommen. 

Die Backversuclie. 

Da cine grosse Zabl Mebifraktionen so beschaffen sind, dass es 
praktiseb unmoglicb ist, aus ibnen allcin ein Probebrot zu backen, 
AA-urde statt dessen so A'crfabren, dass man ein Mebigemisch aus 85% 
eines normalen AVeizenmebles und 15% desjenigen Passagemebles 
berstellte, Avelcbes untersuebt vverden sollte. Infolgedessen ergibt 
das Backresultat die verbessernde oder verscblecbternde AWrkung 
des Passagemebles auf das Standardmebl, und aus den gefundenen 
Ergebnissen lasst sicb eine Vorstellung iiber die eigene Backfabigkeit 
eines jeden Passagemebles geAvinnen. 

Die BaeWersuebe Avmrden nacb der fiir sebAvedisebe Verbaltnisse 
ausprobierten Backmetbode (A. Akermax und J. Jacobsson 1936) 
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vorgcnommen. Als Xorm tier Backftihigkeit eines Mehles dient das 
vom Melil geliefcrte Broh'olumen. Das auf 100 g Mehl bei 15% 
AVassergobalt umgerecbnete Brotvolumen heisst das s-pczifisclie 
Broivolumcn. 

Es verdicnt crwiihnt zu -werden. dass das spezifische Brotvolumen 
niclit alloin zoigt, dass man bcim Backen in der Praxis ein Brot von 
besfimmtcm Yolumcn erhalten kann, sondern anch, dass die Back- 
methode so abgepasst ist, dass das spezifische Brotvolumen ein Wert- 
messer fiir die j\Iehrzahl dcrjenigen Eigenschaften ernes Mehles ist, 
welchc unter dem Begriffe der Backfahigkeit zusammengefasst wer- 
dcn. So zeigt die Praxis, dass in Schweden ein "Weizenmehl eine 
Backfahigkeit haben miiss, die einem spezifischen Brotvolumen von 
050 ml entspricht, urn den praktischen Anforderungen in Backerei 
und Haushalt zu geniigen. Spezielle Brottypen setzen erheblich 
hohcrc Backfahigkeit voraus. 



Analysenprotokoll. 


i ^ C ^ 
: o 


o 1 o -c 

tC ft ® 'vP 

C ^ ^ C ^ to^ 


Winicriccizcn 

Sommcruxizeit 

Mehl 1. Sclirotung 

* 2 . * 

» 3. » 

» 4. » 

» 5. > 

» 6. » 

Dimst 6. » 

Mehl Kleiestreifen 

Dunst . * 

Mehl Sortiersichter 1., fein . . 
> » » griffig 



2,05 

10,0 2,11 

7,6 1,21 

10,2 1,34 


12,4 2,50 

12.7 3,10 

15.7 6,18 

13,3 4,13 



Mehl 1. Grobgriessauflosung, fein — 

» » » griffig • 

» 1. Feingriessauflosung, fein . . . 

» * » griffig . 

» 2. Griessauflosung, fein 

» » * griffig 

t » » grobgriffig. 

» 3. » fe® 

> ^ » griffig 

» 1. tlbergang, fein 

» » » griffig 

» 2. » . fein 

> » » griffig 

Mehl 1. Dunstausmahlung, fein. . . . 
♦ » » griffig.. 

» 2. » fein . . . . 

» » » griffig.. 


4,1 1 0,44 
0,41 



1,61 600 
1,73 560 

2,56 540 

4.33 520 

6,60 350 

10.3 2,03 610 

13.3 4,30 440 

1,00 11,5, 2,80 600 

1,32 12,4 3,26 430 

5.3 I 0,36 9,0 1,07 

1.7 

2.4 


0,68 10,3 

1,12 10,0 
0,3 1.51 11,2 

_ 2,87 16,4 

0,7 0,09 10,3 

1,88 13,3 

1,00 11,5 
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Molil 3. Diinstnustnnlilung, : 


> > 

ft 

griffig... 

* -1. 

ft 

fein 


0 

griffig. . . 

> 

ft 

fein 

J» t 

ft 

griffig . . . 


ft 

fein 

* «• 

ft 

griffig... 

» 7. 

ft 

foin 

» ft 

» 

griffig. . . 

ft 8. 

ft 

fein 

ft ft 

ft 

griffig. , . 

» 9. 

ft 

fein 

ft ft 

ft 

griffig . . . 

» 10. 

ft 

fein 

ft ft 

ft 

griffig. . . 

» 11. 

ft 

fein 

ft ft 

ft 

griffig. . , 


> Koppcn, fcin . . 

» » griffig , 

» Filter 1 


I 1 S \ 'z o C 

\ 1 I ^ W O 

P^Si ® i-H 

i ri i| II 

= !£ ! “ 


Keiin 3. GriossauflGsung <0,1 

» 1. tlborgnng 0,1 

» , < 0.1 

Kloio G. Schrolung 10, c 

^ Ivlciostrcifen 4.7 

» 10. Duupintismnlilung 0,8 

* 5'- * 1,3 


18.0 5,75 

18.8 9,00 

15.9 5,10 

11,7 3,51 

12.2 4,77 

12.3 5,40 

13.1 0,07 



B|-X itamin-, Aschen- \md Proteingohalt sowio spez. Brotvolumen sind nuf 
15 .0 l-onchligkoif , Fettgolmlt nui Trockensubstnnz bezogen. 

Bio Passagen, fur ■wclchc AMsbeulcwcrto nicht angegeben sind. Bind ivci- 
toror Wnnnlilung tmtarworfen. 

binigi 1 <is-,ngon Hind ivegcn ihrer Grosso in pariillclgoscbnUoten Sich- 
lom gojicluot. wodurcli mdircro Fmktionsgruppon gleicher Art anfallen. Fur 
lupo I-niktioTiMi ...-irid nicht dio Einzchverfo cingetrngen, sondora dio Burch- 

ti inivt«uort('. Bic binreUverto Find nus dom Stapeldiugrnmm (Fig. 0} orsicht* 
lu'li. 
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Nachstehend geben bot eine KontroUe auf dcr Analysenresultate 
durcb Zusammenrecbnen der Produkt« von prozentualer Ausbeute 
der Fraktion nnd deren Ascbe-, Protein- resp. Vitamingehalt. Als 
Vergleicbszahlen werden Werte fiir den vermablenen Weizen ange- 
geben, bezogen auf den Brucbteil von Winter- und Sommerweizen 
im Gemiscb. 

Ascho Protein Vitamin Bj 

Weizen 1,54 10,8 325 

Fraktionssumme 1,65 10,6 321 

Die Werte stimmen gut iiberein, was sich zum Teil aus der grossen 
Anzabl Passagen erklart, durcb welcbe vereinzelte Bestimmungs- 
febler ausgegbcben werden. Hinsichtbch der Fettwerte konnte eine 
solcbe KontroUe nicbt durcbgefuhrt werden, weil Fettbestimmungen 
nicbt an alien Passagen vorgenommen wurden. 


2 — .HS,'. 



Erorterung des Verlmltnisscs z%vischen Bi-Vilamingehalt 
und Asclien-, Protein- so^vie Fettgelialt der verscliiedenen 

Mehipassagen. 

I. 

Wird bei der Vcrmahluug eine bestimmte Mehlausbeute angestrebt, 
so wablt man in erster Linie Passagen mit geringem Ascbengehalt; 
ein evcntueller Zusamraenhang zwiscben Aschen- und Vitainingelialt 
verschicdencr Fraktionen ist deshalb von grossem Interesse. 

Aus der grapbiscben Darstellung in Fig. 2 gebt Fervor, dass im 
ganzcn der iUieuringebalt mit dem Ascbengebalt bis zu ca. 3 % bin- 
auf ansteigt. Hierauf sinkt er und erreicbt fur die Kleiefraktionen 
^7erte, die die durchscbnittbcbe Aneurinkonzentration des Komcs 
unbctracbtlicb ubersteigen. 

Aus der Priifung des Verhaltens der verscbiedenen Vermablungs- 
systcmc zucinander ergibt sicb unmittelbar, dass Scbrotmeble be- 
tracbtbch niedrigere Vitaminwerte aufvreisen als Dunst- resp. Griess- 
mehl mit dcmselben Ascbengebalt, vras bereits fruber von Schulerud 
und seinen Jlitarbeitern (1941) beobacbtet wurde. Die Erklarung 
hierliir ist wohl darin zu suchcn, dass die geriffelten Walzen der 
Scbrotungsscrie ein vrenig feinverteilte Kleie ablosen, 'welcbe den 
Gebalt an Asche verhaltnismiissig starker erbobt als den an 
Vitamin. 

Anfangs geben Griess- und Dunstserien gut zusammen. Z'wiscben 
Aneurin- und Ascbengebalt lasst sicb ein nabezu linearer Zusammen- 
hang bis zu ca. 1 % hinauf feststellen. Fiir die beiden weiteren Griess- 
fraktionen bloibt dieser Zusamraenhang im wesentbcben besteben, 
dagcgen beginnt die Ascbe in der Dunstserio verhaltnismassig rascber 
zu stcigen. Dies erklart sicb bei Betracbtung des Vermablungsdia- 
grammcs, aus velchem hervorgeht, dass u. a. die verhaltnismassig 
asohereicben tibergange von der secbsten und siebenten Scbrotung 
zu weiterer \ennablung in die binteren Dunstausmablungen ge- 
ls ngen. 
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ScJiIussfolgcntngcn . 

1. Alls dcm Aschengehnltc ciner Mchlfraktion liisst sicli iiichts 
Sichcrt's iibcr ihrcn Yitamingehnlt ablcitcn. 

2. Innerhalb jcclcr Ycrmablungsscrie cntspricbt ein lioherer 
Aschenge.balt praktiscli iminpr einem holicrcn Yitamingelialt. Eine 
Ausnabinc bilden die KIciofraktionen, bei Avclchcn gcrhigercr Asclien- 
gehalt ciner boheren Yitaminkonzentrntion entspriclit. Dieser Be- 
fund cleckt sick durchans mit dem alteren von Puekkt nnd Puutula 
(!941) u. a., dass die Samenhiille relativ vitnminarm ist. 
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Fie. 2. VerhuUni* swjrtrhcn und .XHdu'iigclmlt dor vorscliiedonon 

Mohlfniktionon. 


IT. 

ZiEGLF-R (1943) betont, dass bei Jlcblau-sbcuten zwiseben 71 nnd 
100”/o sebr bochgradige Korrelation zwiseben Gclinlt on Protein xind 
an Bi~Viiainin bc.stcbc. 

Y'ic .nils Fig. 3 hen'orgebt, gilt in dic.ser Hinsiebt weder fur die ein- 
zelncn Passagen nocb fiir die versebiedenen Vermablungsserien ein 
einfacber Zu.Rammenbang. Als Bcispiel aoi angefuhrt, dass bei ca. 
]G% Protein dcr Yitamingelialt zw-iseben 685 nnd 2400 y% wecbselt. 
Im ganzen cntspricbt jedoeb hoberer Proteinzabl ein hobercr Yitamin- 
gobalt. Dock bc.sagt dies nicht, dass Zieglers oben crwUbnte Beo- 
baebtung feblerbaft sei, denn er befasst sicb niebt mit Passagen, 
Eondem mit prozentualen Mehlansbeutcn. In einem solcben Falle 
kommt es darauf an, ivie man zivecks Erzielung der fraglichen Ans- 
bcute die Passagen auswiihlt. 



OQ SXEX ABDOX XJXD CARB-BERTIIi LiVATBELL. 

Aus (lein Proteingehalt einer Slelilfraktion kann man nichte Siche- 
res iiber ihren Vitamingclialt abiciten. 

III. 

PUBKKI und PUUTULA (1941) haben gefundcn, dass ein naliezu 
linearcr Znsammenhang zwiscbcn Rohfctt vnd Vitamin bestelit, 


y '/s 5i 



10 15 20 

fb Protein 

Fig. 3. Vorhilltnis zvt-ischen Bi-Vitamin- \md Proteingehalt der verschiedonen 


Mchlfraktioncn. 

der betriiclitlicb besser ist als der zwischen Ascbe und Vitamin Bi. 
Sie arbeitetcn mit einer SoricPassagegemiscbe mit steigendemAschen- 
gehalt anstatt mit einzelncn Passagen, was die Ergebnisse von der 
Wahl dor angewcndeten Fraktionen abhangig macbt. 

Aus Fig. 4 ergibt sicb ein Zusammenbang zwiscben Fett und 
dor im ganzcn mit dem zwiscben Ascbe und B^ iibereinstimmt. Die 
Beziebuug ntibcrt sicb jedocb der Geraden mebr, als das bei der 
A.'scbc der Fall war. Der Zusammenhang ist nicbt einfacber Art, 
vielmcbr cntspricbt jeder Yermablungsserie eine Linie mit anderem 
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Fig. 4. Verhiiltnis zwischen Bi-Vitamin- und Fettgehalt der verschiedenen 

Mehlfraktionen. 


Winkelkoeffizienten als bei anderen Serien. Griess- -and Dunstsene 
stimmen im Anfang gut iiberein. Die Abweichungen bei den Meblen 
der hinteren Dunstausmablungen durften sich ebenso erklaren vne 
bei der Diskussion des Verbaltnisses Asche ; Bj. Am bemerkens 
wertesten ist, dass die Kleiet}T)en und Keimfraktionen zusammen eine 
einigermassen gerade Linie ergeben, die gegen denselben Punkt kon 
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SpczifiEChcs Brotvotumcn 

Fig. 5. Vcrhiiltnis zwischen Bj-Vitamingohalt \ind spezifischem Brotvolumcn 
dor vorschiedenen Mehlfraktionon. 

vergiert vcie die andcren. Der Vcrlauf der Sclirotungsserie scheint 
auf einc Mischung von Griess und Kleie hinzudeuten. 

Schlussjolgerungeyi. 

1. Alts dem Fettgehalte einer MeUfraktion lasst sich kein sicketer 
Schluss auf ihren Yitamingehalt zieben. 

2. Innerkalb jeder Vermaklungsserie entsprickt kokexer Fett- 
gchalt einem kokeren Vitamingekalte, 

jDjc ohen angcstelUen Vergleiche hssen erhennen, dass die B^-Ein- 
lagcrungtn im Kom vm so spezijischer Art sind, da^s man direlie Atts- 
driicle fur die Ancurinlonzentraiioncn der verschiedenen Frallionen 
zur Zeit kdiglich aus direli darauf gcricldeten Analysen geu'innen lann. 
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IV. 

Fig. 5 zeigt, dass zwisclien spezifischern Broivolumen und B^- 
Vitamin-GeJialt kein einfacher Zusammenliang kestekt. 

Man kann jedoch deutlich dxei Systeme nntersclieiden, namlick 
die Dimst- .nnd Griessmehle, die Sckrotmehle nnd endlick die KJeie- 
fraktionen. Bei gleickem Vitamingehalt sckadigen die letztgenannten 
die Backfahigkeit in viel kokerem Grade als die iibrigen. 

Die Untersuckungen zeigen, dass, wenn man durck kokere Aus- 
maklung den Vitamingekalt des Mekles bis auf einen gewissen Wert 
erkoken will, die geringste Sckadigung der Backfakigkeit erzielt 
mrd, wenn man Mekl der Griessauflosungs- nnd Dunstausmaklungs- 
serien auswaklt und die Kleiefraktionen vermeidet. 



Diskxission iiber Unlersuclmngen von Keim und Kleie. 

Bei flcr Yorniahlung wird dor Y'cizenkcim au£ Grund seiner pkysi- 
kalischen Eigenscliaften znm Toil abgetrennt, man crlialt ilin in Ge- 
stalt oinor flachgcwalzten Sclicibc. Der Literatur /Aifolge soil er 2 
bis 3 Gcn'ichtsprozent dcs gcsamtcn Kornes ausmachcn. Sofern die 
gewonnonc kleine Kcimsclieibc fur die Znsammensetzmig dcs Keims 
ropriiscntativ ist, muss jcdc cinzclne unverletzte Sclieibe dem gc- 
nannten Prozontbctragc des Kornes entsprechen. Um festzustellen, 
ob dies zutrifft. \Yurden 300 Korner und ebenso vide ,,Mnblenkeime“ 
gewogen. Dabei ergab sick cin Mittehvert von 0,6% des Korngc- 
wichtes. Doinnach kann dor beim Mablen erhaltenc Keim nur ein 
kleinor Toil des natlirlichcn scin, derjenige niimlich, wclcher am feste- 
sten zusammenhangt. Nach Kuthy (ref, Ziegler 19i3) bestelifc im 
Keim cine zvischen 1200 und 12000 y% variierende Differenz der 
Konzentration von Bj-Yitamin. Der hochste Gchalt findet sicli 
im Scutollum (zuniiclist dem Kerne gelegen). In unserem Ealle 
wurde der Gchalt an zu 1400 y? 4 bestimmt. Die Keimausbeute 
betrug nur 0.1 eincs reineii Produktes. Der quantitativ grosste 
und qualitativ wertvollste Anteil des Keimes ist offen.sichtlich in 
andere Passagen ubergegangen. Darauf diirfte sicb erklaren, varum 
das Mehl der 3. Griessauflosung als Endprodukt in der Griesserie 
den hdchsten Yitamimvert auhveist, denn eben in dieser Serie wird 
der Keim abgestossen. Hier reichern sich also Keimreste mit hohem 
I itamingehalte an. Audi in der Dunstscrie vird sicherlich ein Teil 
des Keimes verraahlen. In die hinteren Dun-stausmahlungen vird 
fenicr dor Gbergang von der 3. Griessauflosung zu weiterer Ver- 
mablungniberfiihrt. In Xlbereinstimmung damit finden vir bei den 
10. und 11. Dunstmchlen sehr hobe "Werte. In Schuleruds Krak- 
tionsanalysc vird keine Zahl fiir den Bj-Gebalt des Keimes angefiibrt, 
jcdoch betont, dass die bicble der hinteren Dunstausmahlungen sich 
Y erten niihorn, wdche sdbst der reine Keim kaum aufweisen kann. 

Aus den Analyscnresultaten gcht hervor, dass unter den Kleie- 
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fraktionen die voni 6. Sckrot am armsten. an Vitaminen und an Fett, 
dagegen am reicksten an Salzen ist. Die Dunstkleie mit grosserer 
Beimiscliimg von Aleuronschickt zeigt den kochsten Gekalt an Bj 
und Fett. Fine Mttelstellung nimmt ,,Feinkleie“ (Kleiestreifen) ein. 
Kleie der 6. Sckrotung ist reprasentativ fur die Zusammensctzung 
der Samenkiille, dock entkalt auck diese Passage anseknlicke Mengen 
Endosperm und Aleuronsckickt, so dass der Vitaminwert koker liegt 
als fiir die eigentlicke Samensckale. 



Diskussion iiber Bi-Vitamingelialt und AiisbcutCj 
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TnlK'Jle 1. Dor Gohalt dos Woizenmchlcs nn A'itnmin Bj bei verscliiedDnen 

Axisrnnhlungsprozenton. 


Iti obigcr Tabellc sind nebst don eigenen Werten Vergleichszahlen, 
die aus ZiEOLKUs Untersuchungen bcrcchnet sind. angegeben. Die 
Ta belle ist in Pig. i grnphiscb dargestellt. Die tJbereinstimmnng 
ist im ganzon gut. Es kann woiter angcfiihrt werden, dass nach 
bbATER nnd Rial (1941) bei 70% Mehlansbeute 30% vom gesamten 
^ itaniingehnltc dcs Kornes geivonnen iverden, ivas niit deni vor- 
stehonden Ergebnis vollig zusammenfallt. Abnlicbe Ziffern legeu 
Duokse nnd Bp.amsel (1941) vor. Dm die besten Bedingungen fiir 
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Vergleich mit alteren Untersuchungen zu ge^vinnen, sind nicht die 
absoluten A^itaminwerte angegeben, sondern dicse auf den A^itamin- 
gebalt des verwendeten AVeizens bezogen worden. Dieser weist 
namlicli bei verscbiedenen AVeizensorten eine ansgesprochene Diffe- 

% vom totalem 
Bi-Gehalt des 
Weizenkornes 



Fig. 7. Bj-Vitamingehalt bei verscbiedenen Mehlaiisbeuten. 


renz auf, abgeseben davon, dass die AA^’acbstuinsverbaltnisse nicbt 
vernacHassigt werden dirrfen. Nacb. Ziegler geben Johanssok 
und Rich (194:2) an, dass die AVerte fiir amerikanischen AVeizen 
zmscheii 220 und 800 y% variieren. Schultz, Atkik und Frey 
(1941) erhielten 560 y% als Jlittelwert fiir 39 AVeizentypen. In un- 
serem Falle lag die Bi-Konzentration ziemlicb niedrig, bei nur 325 
Y%, was moglicherweise zum Teil dadurch zu erklaren ist, dass der 
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Wcizen nicht von hochstcr Qualitiit ^Ya^, weil u. a. seine Wachstiims- 
l>e(iingungen 'wcgcii aiihaltender Diirre ■wcnig giiiistig waren. 

Aus Fig. 6 und 7 sov,ie Tabelle 1 gelit liervor, wde ungleiclimassig 
lias Ancurin sich auf die Passagen verteilt nad wde dies auf den 
Aneuringelialt bei vcrscbicdonen prozentualen, IMeblausbeuten ein- 
^vi^kt. So gelangen bei cincr Ausbeute von 70% nur 30,5% der 
totalen Vitainiiimongc mit in das Mebl. Erhoht man dagegen die 
Ansmabinng um 12,5% an{ 82,5%, so gewinnt man 72,6%, d. b. 
auf (licsc r2,5°,o Mchl cntfallen nicht veniger als 42 % dieser Vitamin- 
mongo. Wie die Backversuche zeigen, veruisachen indessen diese 
niihTungspliysiologisch ausserst -wertvollen Fraktionen zvrischen 70 
und 82, 5*^0 cine ansehnliche VcrschlechteTung der Backfiihigkeit, 
unci darin licgt auch der Grund, -warum sie friiher aus alien feineren 
Woizenmehbsorten fcrngehalten warden. Erhoht man die Ver- 
inahlung.sausi)cute iibcr 82,5% hinaus, so muss man wenigstens 
cincn Toil reiner Kleiefraktionen dem Mehle beimischen. Diese be- 
sitzcn aber wiederum eine im Verhaltnis zum Vitamingehalte sehr 
holie Aschenmenge (Fig. 2 und 6), und nimmt man sie mit in das 
Melil auf. so vcrdirbt man also dessen haushaltstechnische Eigen- 
schaftcn in viel hoherciu Grade, als es bis zu 82,6% hinauf der Fall 
ist. 

enter dem Gesichtspunkte der Vitaminversorgimg wird mit 
Erhohung der Ausbeute durch Beimischen reiner Kleiefraktionen 
zum iilehl wenig gewonnen, da diese im Mittel 497 y% gegen 325 y% 
dcs Vcizons enthalten. Wichtigere Griinde fur Beimischung von 
Klcie liegon in deren Reichtum an Salzen (u. a. Mg und Fe) sowie an 
Schlackonstoffen, welclie auf Erhohung der Peristaltik und der Sekre- 
tion de.s Darmes hinwrkon. 



tiber Mbgliclikeiten, die Bi-vitaminreichsten Mehlfrak- 
tionen als Menschennahrung auszunutzen. 

Sowohl Vitamin Bo (Coppixg 1943) wie Vitamin E (Litzendoeff, 
ScHXEiDEK 1942) zeigen ahnliclie morphologische Einlagerung im 
Weizenkorn wie Vitamin B^, so dass diese .,Schutznahrstoffe“ mit 
den liochsten Ivonzentrationen in denselben Passagen anftreten wie 
das Aneurin. Diese Passagen liaben ausserdem hoberen Gebalt an 
Eett und Eiweiss als das Endosperm (s. Analysenprotokoll S. 15) und 
macben desbalb die nabrimgspbysiologiscb \Vertvollsten Fraktionen 
aus. Ihre Nutzbarmacbung als menschbches Nabrungsmittel scheint 
Aviinscbenswert zu sein, falls man nicbt den angloamerikanischen Weg 
einscblagt nnd synthetiscbe Vitamine zusetzt. 

Die bestebende Kriegslage bat dieser Frage zeitweiUg eine unter 
ernabrungspbysiologiscbem Gesicbtspunkt gliicklicbe Losimg gegeben, 
insofern als die gedriickte Lebensmittellage zu betracbtlicber Er- 
bobung der Meblausbeute bei cer Vermablung Veranlassung gegeben 
bat. Hierbei sind die vitamimeicberen Passagen den zum Verkauf 
gelangenden Weizenmeblen zugefubrt vrorden. jedoch nur zum klei- 
neren Teile, "sveil diese anderenfalls bausbaltstecbniscb weniger taug- 
lich geworden waren. Statt dessen hat man die vitaminreichsten 
Passagen den Roggensicht-^ und Roggenschrotmeblen® beigemiscbt, 
welcbe dadurch einen sehr hoben Gebalt an Schutznahrstoffen er- 
halten haben. Dadurch dass bei der Mehlzuteilung Roggen- und 
Weizenrationen getrennt werden, ist alien Konsumenten beim Ein- 
kauf ihrer Anteile eine Vitaminzufuhr gesichert worden, welcbe mebr 
ausgeglichen ’ist als vor dem Kriege. Nach dem Kriege muss das 
Problem wieder aktuell werden, wie man eine ausreichende 2ufuhr 
von Vitamin B^ zustande bringen kann. Hocbstwabrscheinlich 
wird dann auf Verlangen der Konsumenten eine Riickkehr zu den 
weisseren Mebltypen erfolgen, welcbe die Vitaminversorgung des 

' Scluved.: ,,Ragsikt och samsikt**, Engl.: „Sifted rye flour . 

® Schwed.: „Snnimnlet ragmj6l“, Engl.: „Rye whole meal . 
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Einzelncn ini v.-csentliclien von der Menge verzehrten Eoggenbrots 
abhaiigig macht. In dieser Lage erscheint es als in vorderster Linie 
wunscliensv.-ert . die nabningspbysiologiscb besten Passagen nicbt vie 
{ruber zusammen mit der reinen Kleie als Futtermittel zu verwenden, 
sondern sic eventuell veiterbin dem Eoggensicbt- oder Eoggen- 
scbrottncbl beizumiscben. 

In Scbwcdcn ist von jeber sovobl Weizen- vie Eoggenmebl ver- 
zcbrt vordon. vas eine derartige Losung ermogbcben und erleicbtern 
diirfto. Die Handelsvemiablung^ in unserem. Lande betrug vor dem 
Kriege ca. 62% Weizenmebl, 23% Eoggensicbt nnd 15% Eoggen- 
scbrotmebl. 

Yor dem Kriege vurden vom Weizen durcbscbnittlicb 62% als 
Weizenmebl entnommcn. Die allgemeine Auffassung war, dass die 
Backiabigkeit bei veiter gesteigerter Ansbente vesentlicb abnebme, 
vas aucb die vorgenommenen Backversucbe bestatigten. Weizen- 
mehl dcr Ansbente zvischen 62 und 75% konnte in gevissen Fallen 
in billigeren Weizenmeblqualitaten vorkommcn. In grosstem Um- 
fange kam cs jedoch zur Verwendung als Zusatzmebl zu Eoggen- 
sicbtmebl. Weizenmebl von boherer Ansbente als 75% vnrde nnr 
in geringem Urafangc und in dem Masse entnommen, vie die Miihlen 
Absatz fur billigere Typen von Eoggenscbrotmebl batten, die beson- 
ders als sogenanntes .,Strcumebl“ in der „Knackebrot“-Fabrikation 
Anvcndnng fandcn. 

Bei Verwendung von bobcr als anf 65 % ausgemablenem Weizen- 
inebl traten besonders in Jabren mit keimgescbadigter Ernte® tlbel- 
stande im Hansbalt beim Backen von Pfannkuchen, Anriibren von 
Snppcn nnd Sauccn u. s. v. anf. Dass aucb die schwediscben Wald- 
arbeiter Scbvierigkeiten batten, aus einem solchen Weizenmebl 
ibrc ganz spezielle I^Ieblspeise^ herzustellen, ist in Facbkreisen all- 
gemein bekannt. 

Diesc Tatsacben sprecben daiur, dass, venn den praktischcn An- 
forderungcn an die Meblqnalitiiten geniigt verden soli, zu einer prak- 


’ Hiormit ist tlio durchachnittliche Konsumtion dor schwedischon Bov61- 
kerung or/nwt, nusgenommon dio Konsumtion dorjonigen Teile der Bevol- 
koning, dio ifir durch Vormnhlung ihrcs oigoncn Weizcns in den sog. 

Lotinmiliilen erhnlfon. 

Dios Imngt zusammen mit dem liohcren Gehaltnn a-Amylfiso in der Rand- 
.‘•fiiirjii dos tVeizenkomos nnrh beginnendcr Koimung, 

^ Schwedisoh: „Ko!bidlnr." 
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tisch bedeutsamen Steigerimg des Bi-Gehaltes eine so grosse Erbohung 
der Mehlausbeute beim Weizenmehl erforderlicb sem wiirde, wie 
sie zur Zeit iiicht dxirchfiihrbar ist. 

Vora Weizenmebl wird, wic bereits erwahnt, praktisch verlangt, 
dass es beim Backen ein Brot mit einem spezifisclien Brotvolumen von 
venigstcns 650 ml gibt. An Roggensichtmebl sowie an Boggen- 
scbrotmcbl stellt man kcine so liolien Anforderungen, weil diese fixr 
Herstellung ganz anderer Brottypen als aus Weizenmelil dienen. 
So verwendet man das Roggcnscbrotmelil hauptsiiclilicb nur fiir 
.,Knackebroti“ sowie in gewissem Umfange fiir Boggenmeblgriitze. 
Aus Eoggensichtmehl stellt man Kastenbrof^ imd Brotlaibe^ her. 
Diese Brott}^on sind Ivompalctor und haben feinere Poren als Weizen- 
brot. Ihr spezifisclies Brotvolumen betriigt nur etwa 300 ml. Erbeb- 
licho Quantitiiten "Weizennacbmebl, welcbe, dem Handelsweizen- 
mebl beigemisebt. dessen Backfabigkeit zerstbren wiirden (vgl. Fig. 5), 
kbnncn desbalb obne dicsen Isacbtcil dem Boggensicbtmebl zuge- 
misebt werden. In gewi.sscr Weise konnen sie sogar verbessernd auf 
die Backfabigkeit des Boggensicbtmeblcs eimvirken. 

Nacb unseror Ansiclit sollten die oben erwabnten Mogbchkeiten, 
die hinsichtlicb des Aneurins wcrtvollsten Passagen nutzbar zu ma- 
chen, naher gcklart werden. Eine derartige Untersuchung ist aucb 
bereits im Gauge und von sebon gewonnenen Resultaten kann er- 
wahnt werden, dass Zusatz von 50% Weizennachmehl, der Aus- 
beute von Go bis 80% entnommen (Bj-Gebalt ca. 776 y% gemass 
Tab. 1), den Gehalt an Bj in einem der Ausbeute bis ca. 78% ent- 
nommenen Roggensichtmebl von ca. 225 auf ca. 500 y% erhbben 
wiirde. 

Es diirfte mbglicb sein, in ahnlicber Weise das Roggenscbrotmebl 
hinsichtlicb des Vitamins zu verbessern. AVenn man diesem, w'elches 
einen Bi-Gchalt von ca 350 y% hat, etwa 10% Weizenmehl bei- 
miseben wiirde, welches der Ausbeute zwischen 80 und 82,5% ent- 
nommen i.st (Bi-Gebalt ca. 1940 y% nacb Tab. 1), wiirde der Bi- 
Gehalt auf ca. 500 y% steigen. Erfahrungen aus den vergangenen 
Kriegsjahren sprechen fiir die Realisierbarkeit dieses Vorscblages. 
Das schon bisber sebr Avertvolle „Knackebrot“ wiirde so eine noch 
ergiebigere Vitaminquelle werden als vorber. 

* Schwod.: „Formbr6d“, Engl.: „Tin loaf“. 

® Sehwed.: „Friskjiitct brod (t. ox. limpn, franskbr6d)“, Engl.: , .Heard 
loaf“. 
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Eine auderc Mogliclikeit ist, das ’WeizennaclimeM der Ausbeute 
zB-iscben etwa SO und 82.5% ais ein besonderes Griitzmebl in den 
Handel zu bringen. Die Bezeichnung Griitzmebl scbbesst natiirbcb 
nicbt ein, dass die Anwendbarkeit sich auf das Kocben von Griitze 
boschriinken soli (vrobei man am besten gleicbe Teile Haferflocken, 
Hartgriess, Roggenschrotmehl oder Reis zumischt). Ancb verscbie- 
denen Gcrichten lasst sicb dieses Griitzmebl sebr wobl beimiscben, 
beispielsweise Ptiddingen, Fleiscbklossen, Brei und Absud fur Klein- 
kinder. 

Taglicher Yerbrauch von 50 Gramm dieser vitaminreicben Frak- 
tionen viirdc u. a. die Zufuhr von Vitamin Bj um nicbt weniger als 
1 mg erbohen, d. b. um nabezu den gcsamten Bedarf an Bj-Vitamin. 
Dadurcb diirfte bei jeder einigermassen gemiscbten Kost die Gefabr 
aucb leicbtester Bl-Hypo^^taminosen beseitigt werden. 

Hierdurcb erbiilt aucb der zabnlose Teil der Bevolkerung, dem das 
harte Brot Scbvicrigkeiten bereitet, eine geeignete Konsumtionsware. 
Nicbt zum ■svenigstens kann ein solcbes Griitzmebl vermutbcb fiir 
Kranke, Scbwaugere und Kinder, welcbe erbobter Vitaminzufubr 
bediirfcn, von Wert sein. Da die Partikelgrossc die des gewobnlicben 
Meblcs nicbt iiberstcigt, braucbt man eine Reizwirkung auf emp- 
findlicbe Scblcimhautc nicbt zu befiircbten, wie sie bei kleiebaltigem 
3Iehl (Roggenscbrotmebl, Grabammebl) auftreten kann. Gegeniiber 
dcm Y'eizenmehl hat das Griitzmebl wegen des erbebbcb boberen 
Gehabes an Schlackenstoffen den Vorzug, nicbt verstopfend zu 
wirkcn. 



Zusammenfassung. 


1. Es werden die Eesultate der Analyse aller Eertigprodukte einer 
modemen Weizenmiihle vorgelegt. Die Untersuchung erstreclct sicli 
auf Gelialt der verschiedenen Vermalilungspassagen an. Vitamin Bi, 
Asche, Protein und Fett sowie anf deren Backfiihigkeit. 

2. Es ndrd der Zusammenhang zwisclien Gehalt an Vitamin 
nnd an Asclie besprochen und dabei nachgewdesen, dass auf Grand 
des Ascbengehaltes einer Meblfraktion zvrar nichts Bestimmtes iiber 
deren Vitamingebalt ausgesagt werden kann, dass indessen innerbalb 
jeder der drei Vermablungsserien boherer Ascbengebalt praktiscb 
immer einem boheren Vitamingebalt entspricbt. Mebl aus der 
Scbrotungsserie bat geringeren Vitamingebalt als Griess- und Dunst- 
mebl vom gleicben Ascbengebalt. Fiir die Kleiefraktionen gilt, dass 
boberer Ascbengebalt geringerem Vitamingebalte entspricbt. 

3. Innerbalb jeder Serie von Vermablungsprodukten entspricbt 
boberer Fettgebalt der Fraktion auch einem boberen Gebalt an Vita- 
min. Bei gleicbem Fettgebalt in Dunst- imd Griessmebl, Scbrotmebl 
und Kleie bat das Dunst- und Griessmebl den bocbsten Aneuringe- 
balt, die Kleie den niedrigsten; das Scbrotmebl zeigt einen dazwiscben 
begenden Wert. 

4. Zvdscben Gebalt an Bi-Vitamin und an Protein bestebt kein er- 
kennbarer Zusammenbang bei den einzelnen Fraktionen. 

5. Dmrcb Baclcversucbe wird gezeigt, dass, wenn man durch bobere 
Ausmablimg den Vitamingebalt des Weizenmebles bis auf einen ge- 
mssen Wert erboben will, die geringste Scbadigung der Backfabig- 
keit erzielt wird, wenn man Mebl der Griessauflosungs- und Dunst- 
ausmablungsserien auswablt und die Edeiefraktionen vermeidet. 

6. Es wird iiber die Vitaminverteilung bei verschiedenen prozen- 
tualen Meblausbeuten bericbtet. Bei Ausbeute von 0 bis 65 % werden 
ledigbcb 21,2% der Vitamine nutzbar gemacbt. 61% der totalen 
Vitaminmenge des Weizens fallen innerbalb einer Meblausbeute 
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zwischcn G5 \mA 82.5%. Die Fraktioneii zwisclien 82,5 und 100% 
Ausheutc (die Handelsware ,Jv:ieic“) enthalten 27% der gesamten 
Vitaniiuniongo. Auf den crriiihniugspliysiologisclicii AVert der krak- 
tioiicn zwiseken 05 und 82,5% Ansbeute als mcnscklickes Naknings- 
iiiittcl wird liingcw'ieson. 

Einc solche Ausnutziing hat auck in grossem Umfange infolge 
der durck die Krisenlage veranlassten Vermaklungskestimmungen 
dor letzten Kriegsjakre stattgefunden. 

Es wird anf folgende Moglickkeiten fiir die Nutzbarmacknng 
die.scr vitnrainrciclien Eraktionen als Jlenschennahrung auck nack 
(lorn Kricge aufmerksam gemacht; 

a. Beimisekung von c;a 50% AVeizeimackmekl aiis Eraktionen. 
zwischen 65 iind 80”o Ausbeute zu dem Roggensichtmekl, wodurck 
der Bj-Gehalt dieses Mehles von ca. 225 y% auf ea. 500 y% erhoht 
werden wilrdc. 

1). Beimisoluing von 10% AVeizenuaclimehl aus Eraktionen zwi- 
.schon SO nnd 82,5 Ausbeute zu dem Roggensckrotmekl, welckes 
liauptsiichlick zur HerstcHung von „Knackebrot“ Verwendung fin- 
dot. Der Bj-Gokalt dieses Mehles wiirde dadurck vonca. 350 y% 
anf 500 Y% erhoht werden. 

c. Alternative A'’erwertung von AVeizennachmehl der Ausbeute 
zwiseben SO und 82.5% als besonderes Griitzmehl, dessen praktiseke 
Anwendbarkoit besprochen wird. Sein Bi-Gekalt wurde wenigstens 
1940 y°o betragen. 

Jedes der nack dicsen Vorscklagen kergestelltcn Mekle weist einen 
im A erlniltnis zu seinem Kaloriengehalte betriicktlicken tJbersekuss 
an Bj-Aktamin auf. 



Summary. 


1. Tlie result of analysis of all ready products in a modern flour 
miU is given. The investigation comprises vitamin Bi, ash, protein 
and fat content of all the different mill products and their baking 
capacity. 

2. The relation between vitamin and ash content is discussed. 
It is here pointed out that the ash content of a floiur fraction gives no 
definite information as to its vitamin content. Flour from the brea- 
king rolls contain less vitamins than flour from the middling reduc- 
tions. For the bran the rule is that a higher ash content corresponds 
to a lower vitamin content. 

3. In each series of mill products (break and reduction flour, and 
oran) a higher fat content corresponds to a higher \dtamin content. 
When the fat content is the same, the reduction flour has the highest 
vitamin content, the bran the lowest and the break flour shows a 
value lying in between. 

4. Between vitamin Bj and protein content there is no obvious 
relation for the individual fractions. 

5. Baking tests demonstrate that if it is a desire to raise the vita- 
min content of the wheat flour to a certain value, the baking strength 
of the flom will be less weakened if flour from the middling reduc- 
tions is used for this purpose and the bran avoided. 

6. The proportion of the vitamins at different percentual flour 
extractions is described. A flour, which is taken out to 65 % extrac- 
tion, contains only 21;2 % of the vitamins. 51 % of the whole vitamin 
content of the wheat falls between 65 and 82.5% flour extraction. 
The fractions between 82.6% and 100% extraction (i. e. the commer- 
cial product bran) contain 27% of the total vitamin content. 

It is pointed out that there is a high nutritive value in preserving 
the fractions between 65 and 82.6% extraction for human consump- 
tion. 

Government regulations during the last years of war have made 
for an extensive preservation of this kind. 
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Possibilities of using these vitamin-ricli fractions even after the 
war are suggested: 

a) An admLvturc of 50% pollard to siftet rye flour. If the pollard 
is taken out between 65 and 80% extraction^ the Bj-content would 
be raised from 225 y% to approx. 600 y%* 

b) An admixture of 10% pollard taken out between 80 and 82.6% 
extraction to the rye wholemeal, which is mainly used in the produc- 
tion of hard rye-bread. The B^-content in this flour would then be 
raised from 350 y% to 500 y%- 

c) Alternatively, the preservation of the pollard betw'een 80 and 
82 . 0 % extraction as a special porridge-flour, whose uses in practice 
arc discussed. The Bi-content of this flour would be approx. 1940 y%. 

Each of the flours produced in accordance with these suggestions 
ihows a considerable vitamin surplus in relation to its calory con- 
sent. 
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Introduction 


\^'*hen investigating structure and function of muscle, experiments on 
their mechanical properties are of great importance. These properties 
have been experimented on in skeletal muscle much more so than in 
cardiac muscle. 

A skeletal muscle as a whole is far too complicated a body of 
muscle fibres, tendons, vessels and connective tissue to be suitable 
for a detailed analysis of mechanical properties such as elasticity 
and viscosity, and this applies in a still higher degree to the heart. 
This fact has been pointed out especially byBuchthal and Lind- 
hard (1939) who in their experiments on skeletal muscle worked 
with the single fibre only. 

Many investigations concerning function and mechanical properties 
of the heart dealing with the organ as a whole have been published. 
It is, however, difficult to interpret these results with regard to 
characteristics of the muscle substance proper, and for a number 
of properties no information at all has been obtained. Strips of 
cardiac tissue some mm^ in section and several mm in length cut 
from the wall of the ventricle are likewise unsuitable for an ana- 
lysis of structural properties. 

An attempt is made here to give qualitative and quantitative data 
regarding mechanical properties of cardiac muscle for the resting 
and the contracted substance. Hitherto the static properties only have 
been the object of investigation. Here the dynamic properties are 
also examined using methods previously applied to skeletal muscle 
by Gasser and Hill (1924) among others. 

In the following section a short survey of previous investigations 
on mechanical properties of cardiac muscle is attempted. 

At the end of the last century, investigations of D reser (1888) 
and others inspired Otto Frank (1898) to a more detailed 
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Study of the dynamics of the heart which he tried to correlate with 
experiments on skeletal muscle by Fick (1882) and v. K.ries 
(1880) (1882). Frank investigated thoroughly contraction curves 
under isometric and isotonic conditions in both auricle and ventricle. 
He determined the degree of filling when the heart performed its 
maximal tension. Furthermore he investigated the varying stroke 
volume as a function of different diastolic pressures and of varying 
arterial resistance in rigid and elastic vessels. However valuable 
these experiments arc for understanding the dynamics of circulation, 
they give no further information on viscous, elastic and structural 
properties of cardiac muscle. However, when correlating mechanical 
properties with dynamics of the heart as a whole, Franks investiga- 
tions will be used as a basis. 

Bohnenkampf and Ernst (1926) published the first quan- 
titative data on the material constant of cardiac muscle at rest. 
They determined the elasticity modulus which is defined as the 
tension (in kg/mm^) necessary to stretch a body to twice its length. 

According to Bohnenkampf and Ernst, cardiac muscle 
follows Hooke’s law i. e. the muscle should extend proportionally 
with loading, a fact that holds good for most inorganic isotropic 
elastic bodies. This assumption was in contrast to older observations 
by Dreser (1888) and Frank (1898) which concluded from 
pressure-volume diagrams that cardiac muscle behaved as skeletal 
muscle i. e. with increasing length a relatively higher load is neces- 
sary to induce equal elongation. Bohnenkampf and Ernst, 
also \s'orking on the total ventricle of the heart of a frog, calculated 
the elasticity modulus for cardiac muscle from a formula of S a c r e- 
dote (1898) at 80 — ^90 kg/mm”, a value found probable by a compa- 
rison with a number of other elasticity moduli e. g. of wood, iron etc. 

ohlisch and Clamann (1936) criticising these experi- 
ment-- stated that the value was in accordance with the elasticity 
modulus of a strongly stretched tendon. One has only to take a 
tendon and a strip of cardiac tissue of about the same cross-section 
and stretch them, to see that the former has a much higher elasticity 
modulus than cardiac muscle. Furthermore W 6 h 1 i s c h and Cla- 
mann showed that Bohnenkampf and Ernst, in their 
estimation of elasticity modulus, did not reduce the intraventricular 
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pressure expressed in mm Hg to the unit of elasticity i. e. kg/mm2. 
Their elasticity modulus, tlierefore, was 76.000 times too high. The 
corrected values thus become 0.00105 — 0.00118 kg/mm2, values which 
approximate those found for skeletal muscle. 

As the pressure-volume curves for the heart found by Bohnen- 
k a m p f and Ernst deviate from those of all other observations, 
Wohlisch and Cl am an n (1936) re-investigated the basis for 
these corrected values and found an elasticity modulus minimum of 
0.00028 — 0.00044 kg/mm2 and an elasticity max. of 0.0029 — 0.0044, 
values which, as far as the min. is concerned, lie far beneath those 
found by B o h n e n k a m p f and Ernst. Wohlisch and C 1 a- 
m a n n obtained these values in experiments on strips cut from the 
ventricle wall 7 — 8 mm long and 3 mm thick. 

Other experiments with the whole ventricle using the same formula 
as Bohnenkampf and Ernst resulted in an elasticity modu- 
lus minimum value of 0.00018 and a maximum value of 0.0030, 
values which agree with those found from strips of heart muscle. 
Up to now these quantitative data on testing cardiac muscle 
are about all we have at our disposal. It is rather surprising 
that observ'ations on the elasticity modulus of contracted cardiac 
muscle are entirely lacking. Furthermore, the above mentioned invest- 
igations concern static properties only while an analysis of dynamic 
properties has not yet been performed. 

The purpose of this investigation is to procure new data concer- 
ning mechanical and structural properties of cardiac muscle. These 
will he compared with data from skeletal muscle to see how far the 
results found tvill fit in with modern contraction theories. 

To obtain data on cardiac muscle comparable with those from 
recent experiments on skeletal muscle fibres, it is necessary also here 
to work on well-defined fibre bundles or individual fibres. Therefore, 
only parallel threaded muscle bundles 0.2 — 0.4 mm thick and seve- 
ral mm long from the cardiac ventricle of a frog are used. 



Method 

1. General Method. 

Tlie small muscle bundles (fig. 1.) ean be disseeted with little 
difficulty. The bundles are taken from both apex and base of the 
ventricle. The heart of the frog is used beeause its contraction period 
is sufficiently long to determine mechanical properties by the method 
employed here, which is not the case with the mammalian heart. Both 
Rana temporaria and esculenta are used. 

The muscle bundles arc prepared under a binocular microscope 
(enlarging about 20 times) with a fine plane-polished tweezer and a 
special scissors (fig. 2). Isolated or only slightly anastomosing 
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bundles consisting of parallel lying fibres are used with uniform 
cross-section throughout their lengtli. Long thin bundles could also 
be prepared from the auricle but as it is difficult to separate these 
from connective tissue the preparation from the ventricle is preferred. 

Tlic muscle is prepared in ice-cooled Ringer solution. pH in the 
solution after a stream of a mixture of COo and 99 per cent Oo-had 
passed through was 7.3 — 7.4 and did not vary during the experiment. 
Determination of pH was performed by a glass electrode. To ensure 
a suitable colloid-osmotic pressure 6 per cent dialysed gum. arabic. 
was added. Control experiments on a bundle stretched about 50 
per cent above the equilibrium length and performing 5400 contrac- 
tions at room temperature in the course of six hours, showed the same 
strength of contraction and e.xcitability at both start and finish of the 
experiment as well as an unchanged pH in the Ringer solution. 

The majority of the experiments were performed at a temperature 
of 4 — 6°, the duration of contraction thereby being sufficiently 
increased to facilitate determinations of mechanical properties. 

Tlie preparation is stimulated with opening impulses from a 
HaxA-ard coil. The tweezers holding the ends of the muscle bundle 
are used as stimulation electrodes and are electrically isolated from 
the apparatus. In each experiment controls ensure that no stimulus 
escape occurs. Stimuli are given at constant intervals by means 
of a motor-driven switch opening and closing the primary circuit of 
the Harvard coil. 
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The recording device (fig. 3.) agrees in principle ^s•ith the conden- 
sor-myograph devised by Buchthal (1942) in his experiments on 
skeletal muscle fibres. It consists of a condensor for recording tension 
containing two condensor plates, one fixed and one movable. When 
the muscle contracts or is stretched these plates approach each 
other so that their capacity is altered and this change is recorded by 
a high frequency circuit with suitable amplification. 

The muscle is fixed between two micro-hveezers (1 — 2 mm dia- 
meter) made of plated phosphor-bronze. By pushing a ring over 
the prongs these close round the ends of the preparation and fix it. 
A loading test on the prongs by hanging weights on a hair shows 
that only when the weight exceeds 125 g does the hair slide off 
the prongs, a weight which is at least 100 times greater than the 
maximal load found in the experiments. 


Fig. 3. Apparatus for registration of length-tension diagrams and measurements 
of d>Tiamic stiffness. 

(1) micro-tweezer. 

(2) movable condensor plate in connection with (1). 

(3) fixed condensor plate connected with grid of high frequency circuit. 

(4) and (5) steel springs to keep tweezer (1) in position. 

(6) micrometer screw by which distance between condensor plates (2) and 
(3) can be varied. 

(7) screen for non-earthed condensor plate (3). 

(8) coil attached to condensor plate (2). 

(9) permanent magneL 

(10) thin mica disc gliding in oil between (11) and (12). 

(11) and (12) brass blocks with adjustable distance for damping tweezer (1). 

(13) micro-tweezer to hold other end of muscle fibre. 

(14) iron bar holding micro-tweezer (13). 

(15) electro-magneL 

(16) micrometer screw to vary distance between (1) and (13). 

(17) and (18) strong steel springs to hold iron bar (14) in front of electro- 
magnet (15). 

(19) brass frame holding (14), (15), (16), (17) and (18). 

(20) steel spring which by tightening moves iron bar (14). 

(21) movable metal plate which can be clamped in different positions and 
thus tighten spring (20). 

(22) oil bath to damp movements of tweezer (13). 

(23) chamber with Ringer solution. 

(24) and (25) tubes for cooling water. 
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Tlie movable condenser plate (2) is in direct contact with micro- 
tweezer (1) and is earthed, '^lien muscle tension increases this conden- 
ser plate is pulled toward the fixed condensor plate (3). The micro- 
tweezer (1) is held by two steel springs 6 mm broad and 0.12 mm 
thick (4) and (5). They have an adjustable length and the stiffness 
of the recording system can be varied. Furthermore they bring about 
an absolutely parallel movement of the tweezer. 

The sensitivity of the system mainly determined by the distance 
between the condensor plates — short distance, high sensitivity — 
can be regulated by moving the oscillating system with a micrometer 
screw (6) in a sledge of brass metal. The unearthed condensor plate 
(3) is shielded by a metal screen (7) from exterior capacity distur- 
bances and stimulus escapes. 

A coil (8) of 30 windings (wire diameter 0.1 mm) is attached 
to the condensor plate (2). The windings lie perpendicular to the 
tweezer axis. The coil moves freely in the air gap of a permanent 
magnet (9) (1000 Gauss). By leading a current through the coil, the 
magnet is made to attract or repel it. The purpose of this device 
is to ensure constant sensitivity in spite of the increase in muscle 
tension with its accompanying displacement of the movable conden- 
sor plate. 

Tension during contraction is measured by capacity changes when 
the condensor plates approach each other. Tension in the resting 
fibre is determined by the size of the compensation current in the 
coil necessary to counteract the displacement of tlie movable con- 
densor plate. Tlie compensation current measured in mA must be 
calibrated to mg, the unit of tension. This calibration is performed by 
loading the movable tweezer and compensating its deviation by lea- 
ding a current through the coil. Loading, which should act in the 
same direction as the tension in the fibre i. e. horizontally, is per- 
formed in the following way: 

The tweezer is connected by a hair to the pointer of a precision 
balance and the scale near the tweezer increasingly loaded. The 
resulting deviation of the tweezer is compensated by leading current 
through the coil. The return of the tweezer to its starting point is 
controlled by a galvanometer (sensitivity 10-c Amp.) connected to 
the output of the amplifier. The loads applied are 0.05, 0.1, 0.2, 0.3, 
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0.5 and 2 g. The compensation current rises linearly with loading. 
Calibration is performed for the different distances between the 
condenser plates which may occur in the experiments i. e. behs’cen 

0. 2 and 3 mm. Within this range the same compensation current is 
found for equal loadings. By measuring tlie distance between the 
attachment of the hair on the pointer and the edge of the balance 
(a) and the length of the weight arm (b) we get, when the load on 

AXb 

the scale is termed A, the actual load on the tweezer X = 

a 

1 mA is found to correspond to 8 mg. Calibration is also performed by 
means of a horizontal spring balance like that used by B u c h t h a 1 
(1942). The results tally completely. 

To produce aperiodic movements of the micro-tweezer (1) a thin 
mica disc (10) is attached to the tweezer shaft. This runs in a gap 
between two brass blocks (11. 12) the distance between which can 
be regulated. Oil of suitable consistency is placed in the gap between 
the metal blocks. 

The other end of the muscle is held by a micro-tweezer (13) which 
is fixed to an iron bar (14) in front of an electro-magnet (15). The 
whole system, tweezer, iron bar and magnet with frame (19) is 
placed on a sledge which can be moved by the micrometer screw 
(16). In this way the distance between the tweezers can be varied 

1. e. tlie fibre can be stretched or relaxed. The length of the muscle 
can also be varied by altering the current in the electro-magnet (15). 
'fhe iron bar (14) is fixed by two strong springs (17, 18) to a 
stable brass frame (19). By tightening a third spring (20) the iron 
bar can be moved backwards and forwards. Spring (20) is fixed to 
a movable metal plate (21) which by means of a screw can be clam- 
ped in different positions. By turning (21) the spring tenses and 
tries to shift the position of bar (14). Spring (20) is not firmly 
attached to the iron bar but moves in a slide in a brass block fixed 
on (14). Stiffness of spring (20) is about twice that of springs (17, 
18). If current is led through the electro-magnet (15) the iron bar 
(14) tries to place itself so that springs (17, 18) are parallel with the 
direction of the magnetic field. Changes in length brought about by 
the current in the electro-magnet can be varied in size and rate by 
introducing suitable resistances and condensers in the circuit (fig. 4) . 
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Fig. 4. Length variation device. 


By correlating the current in the electro-magnet to the tweezer 
movements determined by a measuring microscope, it is possible to 
c.xpress variations in length by the current. As, however, this depen- 
dence would have to be determined for every new position of spring 
(20) tlie movements of the tweezer (13) in our experiment are read 
directly by means of an eyepiece micrometer. The movements of the 
iron bar micro-tweezer system (13, 14) are damped by means of a 
horizontal metal disc attached to spring (17) which slides in an oil 
bath of thick consistency (22). 

The length and changes in length of the preparation are measured 
by a BHx measuring microscope (1895). Tliis is slightly modified 
so tliat the entire arrangement can be placed on its foot plate. The 
measurable distance is 30 cm and accuracy with the enlargement 
used is 0.01 mm. 

1 he experimental object is immersed in Ringer solution in chamber 
(23), made of plated brass with openings for the micro-tweezers in the 
.short sidc.s, A rectangular glass plate can be placed beneath the 
preparation to facilitate attachment of the fibre to the tweezers. 
The chamber is 6 mm deep with a volume of 5 ml. It can be emptied 
with a syringe via an opening at the bottom. To regulate tempera- 



MECHANICAL PROPERTIES OF CARDIAC MUSCLE 


17 



Fig. 5. High frequency circuit for measuring changes in capacity (explanation 
see te.xt). 

ture of the Ringer solution the chamber has a double bottom through 
which water of suitable temperature is led by tubes (24, 25). Two 
10 litre bottles provide and collect the water for cooling. To ensure 
that it has the same temperature throughout, the mouth of a siphon 
tube is placed on a level with the lower edge of the ice layer in 
the water resevoir. 

Temperature is controlled thermo-eleclrically. One element is pla- 
ced in Ringer solution, the other in a Dewer vessel filled with ice- 
water. The thermo-current is measured by a galvanometer (Siemens 
and Halske 10*® Amp.). 3 scale units correspond to 1° C. This 
cooling arrangement proved effective. Within a few minutes the Rin- 
ger solution was cooled from room temperature to 4 — 5° C and the 
temperature remained constant throughout the experiment provided 
that the siphon was kept in the position described. Temperature 
variations do not exceed + 0.2° C. 

High-frequency apparatus for measuring changes in capacity. 

Tension variations in the muscle are transformed to changes in 
capacity in a small plate condenser (3 fig. 3). Changes in capacity 
are measured by a high frequency arrangement (fig. 5) the principle 
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Fip. 6. Variation of anode current as function of frequency in oscillator. 
Ordinate: mA. 

Abscissa: frequency per see. 


of tvhich was devised by Zakarias (1938) for use in condenser 
microphones. 

In an octode all grids except (4) are used normally i. e. (1) and (2) 
as oscillator, (3) and (5) as screen grids and (6) as suppressor grid. 
If grid (4) is earthed the electron-current in the tube will vary pro- 
portionally trith oscillator frequency which is about 3 — 5 k-cycles. 
A treak current of oscillator frequency will enter grid (4) due to in- 
fluence of the electronic current. The phase difference between this 
current and tension on grid (1) is seen to be such that its influencing 
effect may be considered equivalent to a negative capacity between 
grid (1) and grid (4). With the present octode the size of this capa- 
city is 1—5 pF. If an oscillation circuit ”Kg" is introduced between 
grid and earth and tuned to about the same frequency as the oscillator 
circuit ’’fCo”, .1 tension of oscillator frequency will arise in grid (4). 

The direct plate current is thus dependent on the transponing pro- 
perties of the octode and also on the size of phase difference between 
tension on grid (1) and grid (4) (termed Vgi and Vg^), as the 
anode direct current will contain a link which is 
zl*a = K Vgi • Vg 4 cos rp 

where cos is the phase difference between Vg^ and Vg 4 and K is 
a constant. As the capacity equalling influence-effects are slight 
( arge impedance), Vg^ as well as the current in the oscillator 
circuit g, [i, e. current in grid (4)] may be regarded as ap- 
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proxitnalcly constant. If tlic two circuits are strongly out of phase 
the impedance of the circuit Kg will he slight tVg 4 ^ 0) and the 
anode direct current Avill have its normal value. If the two circuits are 
only slightly out of phase, Vgj and Vg^ can he reckoned as approxi- 
mately con-stanl. The changes in the anode direct current zl*a will 
be proportional with cos 7 ^. 

An exact analysis shows that the anode direct current ns a function 
of tuning frequency for the one circuit when the other is constant, 
has the course seen in fig. 6. The steep part of the curve is almost 
linear so that the proportionality between changes of anode direct 
current {J*a) and frequency changes (/J f) is obtained, and when 
only slighty out-of-tunc proportionality is likewise obtained Avith 
changes in capacity (Jl). Improvement of linearity and drift proper- 
ties is obtained by a balanced arrangement (fig. 7) Avhere, Avith regard 
to high-frequency, the two octodcs Avork in parallel, Avith this dif- 
ference only, that grid (4) on the one octode is directly earthed 
Avhile that in the other is earthed through the input circuit Kg. By 
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placing tension between the two anodes the two tubes will act in the 
same direction as regards direct tension, \vhereby an extensive inde- 
pendence- of variations in electrode tension and tube properties is 
obtained. Furthermore the circuits can be arranged so that one plate 
of the measuring condenser and one output terminal are earthed. 
Output tension between anodes of the two octodes is amplified in a 
balanced direct current amplifier (see fig. 8) . The balancing which 
is rather complete due to the common cathode and screen-grid resi- 
stances ensures good independence of changes in electrode tension 
and tube properties. 

The movements of the condenser plates are recorded by means of 
an electrostatic mirror oscillograph rvorked by electro-static power 
only, i. e. it reacts to changes in tension but not to changes in current 
as do usual mirror-oscillographs. 

The vibrating organ of the oscillograph consists of a very thin 
light metal band (0.0015 mm) which is attached between two pairs 
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Fig. 9. Coupling of oscillograph to amplifier. 






of fixed electrodes at a very small distance from them (0.04 mm). 
Besides high sensitivity the distance caxises mechanical damping of 
the light metal band. In a somewhat different form the oscillograph 
is used for sound-film recording by Bee r. Under the direction of 
Dr. F. B u c h t h a 1 it has been adapted so that it can be used for 
bio-physical measurements. The technical details of the apparatus are 
as follows; — resonance frequency 2500 periods per sec; polarisa- 
tion tension about 90 volt; mirror-surface covered with aluminium; 
diameter 1.5 mm; lens F = 30 cm. If necessary resonance can be 
increased to 5000 per sec, but then sensitivity decreases. In these 
experiments the oscillograph is connected to the amplifier in such 
a way that the potentials of the electrodes vary while that of the 
metal band remains constant. The sensitivity of the oscillograph can 
be altered by changing the polarisation tension by means of a 
battery (fig. 9). 

The time marker consists of a rotating spring-driven perforated 
disc, the speed of which is kept constant by means of a centrifugal 
regulator. A lamp behind the rotating disc throws light on the film 
so that time is marked on it at intervals of 1/50 sec. Every 1/10 sec 
a thicker line is marked. 

A camera in which photographic paper is transported at even 
speed is used for recording. The breadth of the photographic paper 
can be varied but in all the experiments an unperforated electro- 
cardiographic paper of 6 cm breadth is used. The paper speed 
can be varied from 1 cm to more than 1 m per sec by a pulley 
transmission. 
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The Harvard coil for muscle stimulation is opened and closed at 
regular intervals by a gramophone motor-driven switch. On tlie motor 
axis excenlric discs are attached, two of which can close the current 
circuit for less than a second. The two other discs can close the 
current circuit for a longer period. These latter are used in stretch 
experiments where they arc arranged so that a certain interval after 
stimulation the current to the electro-magnet is connected and the 
muscle stretched and kept so as long as the current is on. 

In so-called semi-dynamic experiments frequent stretchings and 
relaxations are produced by a variable resistance which gives sinus- 
shaped current variations in the coil of the electro-magnet. Their 
frequency can be varied partly by pulleys on the motor, partly 
by varying the revolutions of the gramophone motor. By means of 
this control vibration-frequency can at most be trebled. In semi- 
dynamic experiments the frequency is 0.5 and 2.5 — 4 cycles per sec. 

2. Special Method, 

Length-tension diagrams. 

Length-tension diagrams are investigated at rest and during con- 
traction at room temperature and at 4 — 6® C. The temperature is kept 
constant by the cooling device previously described. 

The stiffness of the springs is adjusted so high that the distance 
between the condenser plates (3 — 4 mm) during contraction, does 
not change more than 0.02 mm, and thus variations in capacity 
arc practically linear. The change in the distance between the con- 
densor plates corresponds to an equal shortening in the muscle fibre, 
amounting at most to 0.5 per cent of the total length. This length 
alteration is slight and contractions can be regarded as isometric. 

A calibration current sufficiently strong to be easily measured is 
chosen i. e. one with a deflection of 3 — 5 mm on the photographic 
paper. 

The length of the muscle is determined by means of a measuring 
microscope. The vertical line in the eyepiece cobweb is made to 
coincide with the edge of the micro-tweezer (2) and the microscope 
tube IS moved until it coincides with the other micro-tweezer (11) 
(..cc fig. 3). The muscle is stretched by means of a micrometer screw 
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Fig. 10. Block diagram of apparatus for recording tension and stiffness. 


attached to the sledge of the fixed tweezer. This stretching is perfor- 
med by placing the cobweb the distance from the tweezer that the 
muscle is to be extended and then moving the tweezer with the micro- 
meter scretv until it again coincides with the cobweb. 

As original length we use that where the fibre just begins to 
develop tension. This is called equilibrium length and termed length 
100 i. e. 100 per cent stretch corresponds to length 200. It is more 
difficult to determine for cardiac than for skeletal muscle as the 
former often has folds which require a certain tension to be straigh- 
tened out mechanically. Therefore the muscle is stretched 25 — 30 
per cent in advance for a certain period before determining equili- 
brium length. 

At length 100 the muscle is stimulated by opening currents at 
intervals of 15 sec, by means of the previously described motor- 
driven switch. Ten contractions are allowed to elapse before record- 
ing to ensure a stable base line. After this two calibrating impulses 
and two to three contractions are registered. 

The fibre is then stretched to the next length. The deviation of the 
movable condenser plate caused by increase in tension is compen- 
sated by leading current through the solenoid (8 fig. 3). After suf- 
ficient time when the mechanical properties are stabilised i. e. the 
compensating current remains constant for 3 — 4 minutes, two con- 
tractions are recorded and the compensation current read. 
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After recording we return to tension zero to ensure that no amplifier 
drift occurs after the compensating current is removed. If there is a 
deviation, the amplifier is balanced so that the galvanometer is at 
zero and the muscle stretched to the length just experimented on, the 
compensating current read off anew and the last value used. This 
procedure must be performed rapidly to prevent essential changes 
in the stretched fibre during control relaxation. The muscle is then 
stretched to the next length and contractions recorded. At high elonga- 
tions the muscle takes much longer time to stabilize. At lengths 160 — 
200 consolidation time is about half an hour. As strength of con- 
traction increases with degree of stretch, the sensitivity of the ampli- 
fier must be decreased to prevent overloading of the oscillograph. 
To be able to compensate the constant tension throughout as accu- 
rately as at the start of the experiment, the sensitivity of the galvano- 
meter is correspondingly increased. 

Deflections due to contractions are controlled on the camera scale 
so that they are about equal for different elongations. 

Stretch and release experiments. 

In order to investigate rapid changes in length influencing mecha- 
nical properties in cardiac muscle at rest and during contraction, 
stretch and release length-tension diagrams are registered. 

Release and stretch are brought about by the electro-magnet (15) 
moving tweezer (13). The circuit for current supply of the electro- 
magnet containing rheostats, condensers and a motor-driven switch 
is seen in fig. 4. Current supply is taken from the mains (130 volt). 
By inserting suitable condensers stretch and release are not rectangu- 
lar but rise with a gradient of 0.1 — 0.2 sec. The recording system, 
therefore, may be less stiff and more sensitive. By means of a variable 
rheostat (2000 D) the strength of the current and thereby stretch or 
release amplitudes can be varied. The damping of the tweezer is adap- 
ted to the stretch and relaxation velocities and to the stiffness of the 
myograph. 

Sudden Elongations. 

Sudden elongations allow an analysis of consolidation (elastic 
after-effects) at rest and during contraction. The condenser myograph 
is adjusted to high stiffness and to compensate its low sensitivity. 
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very small distances between the condenser plates are used (0.2 — 
0.3 mm.). 

Changes in the distance of the condenser plates during stretch 
and contraction of even thick bundles are too small to be visible 
with the enlargement used in the measuring microscope. The tempera- 
ture is 4 — 6° C to provide the longest possible observation time 
during contraction. At rest, stretch amounts to about 25 — 30 per cent 
and is relatively more at low original lengths than at high. The 
consolidation course is registered for a period of several minutes. 

Due to the increase in stiffness the sudden elongations applied 
during contraction must be much less, usually 6 — 3 per cent 
of the equilibrium length. The motor-driven switch (fig. 4) initiates 
with three contacts (1 — 3), contraction without stretch (1), contrac- 
tions (2) with stretch (3) at suitable constant level of contraction 
and constant time intervals. Two to three contractions with and 
without stretch are recorded for different initial lengths. Also in 
these experiments care is taken that consolidation has taken place 
before registration. 


Relaxation and Release Experiments. 

Decrease in length of the resting fibre is termed relaxation; de- 
crease in length during contraction is termed release. Release and 
relaxation experiments give information on the reversibility of length- 
tension diagrams when changes in length are performed rapidly. 

In these investigations stiffness of the condenser myograph is decre- 
ased. Simultaneously with release experiments, stiffness determina- 
tions are performed with the same vibration frequency as that used 
in other dynamic stiffness measurements, which are described in more 
detail below (see page 27). When release is performed suddenly, vi- 
brations necessary for determination of dynamic stiffness are distorted 
by superposed oscillations due to undamped movements of tweezer 
(1 and 13 fig. 3), and by elastic after-effects. Therefore maximum 
capacity is introduced in the circuit (fig. 4) to get the slowest release 
duration (1/5 sec.) The damping of the vibrating system is also 
somewhat increased in proportion to that used in the previous experi- 
ment. 
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Fig. 11. Determination of dynamic stiffness in vibration experiments. 

a. 0 ‘cillations of the vibrating system -without muscle fibre. 

b. oscillations of the system loaded with 3 g (determination of the effective mass 
of the sy.'tem). 

c. orcillfttions of the system + resting fibre. 

d. oscillations of the system -f contracted fibre. 

e. O'cdlations of the system + contracted fibre released to the same tension 
as at rest. 

Time marks; = 20 ms. 



MECHANICAL PROPERTIES OF CARDIAC MUSCLE 


27 


Release during contraction is adapted so that tension becomes as 
low as the fibre tension at rest. When relaxing the fibre at rest the 
changes in length are made similar to those induced in the contracted 
fibre. Usually two normal and two release contractions are recorded 
at the same stretch. Here too, recording takes place after previous 
contractions and when the fibre has been allowed sufficient time for 
consolidation. Test impulses introduced at rest at the height of nor- 
mal contractions, and immediately after release in release contrac- 
tions are used simultaneously to produce \'ibrations for the deter- 
mination of dynamic stiffness (see below). 

Experiments on dynamic stiffness. 

Dynamic stiffness is investigated by means of vibration experiments 
(fig. 11). The static stiffness can be evaluated from the gradient of 
the usual length-tension diagram. It is equal to the dynamic stiff- 
ness in isotropic bodies e. g. steel, which can be regarded as ideally 
elastic i. e. consisting of elastic elements only. 

A muscle, however, is not an ideal elastic body. It contains, besides 
elasticity, viscous elements not distributed uniformly over the con- 
tractile substance (Levin and Wyman 1927) . In vibration 
experiments the purely elastic properties can be investigated with 
minor interference from viscosity. By varying frequency all transitions 
from purely static to purely dynamic properties can be analysed. 
These vibration experiments thus give better information concerning 
elastic properties of the muscle than do static length-tension dia- 
grams. 

Vibration is brought about by sudden current impulses in the 
solenoid (8). Stiffness of springs (4 and 5 fig. 3) is adjusted so 
that vibration frequency lies between 7 — 12 cycles per sec. At least 
two contractions with vibrations are recorded at each length prece- 
ded by two vibration impulses at rest. The stiffness thus found is 
the mean of four measurements. Simultaneously vibration impulses 
allow control of the measuring sensitivity. 

The registered curves are measured under a measuring microscope 
between vibration-maxima and vibration-minima and intervals bet- 
ween corresponding time marks are determined. This control is of im- 
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Table 1. 


13 B 

5 V t/600 ms 

14 B 

5 V t/600 ms 

15 B 

5 V t/800 ms 

17 B 

5 V t/900 ms 

5,94 

sis 

6,09 

eis 

8,95 

8,95 

10,36 

10,38 

11,87 

T = 0,104 

12,14 

T = 0,105 

17,90 

T = 0,154 

20,74 

T = 0,171 

13 K 

5 V l/600 ms 

14 K 

5 V t/600 ms 

16 B 

5 V t/800 ms 

18 B 

5 V t/900 ms 

5,67 

5,67 

6,19 

6,15 

9,00 

9,04 

10,33 

10,38 

11,34 

T = 0,102 

12,34 

T = 0,103 

18,04 

T = 0,154 

20,71 

T = 0,171 


T = time in sec. B = resting fibre. K = contracting fibre. 

V = number of vidrations. t = time in ms. 

portance as the speed of paper transport may vary. In Table 1 a 
record of values for vibration period and time marks is given as an 
example. From the values found vibration time during different 
experimental phases is calculated. When vibration time and mass 
of system are known stiffness can be calculated. 

The following formula is valid for an elastic body: 


T = 2 .-r |/^ (1) 

when T = time in sec, m = mass in gram and S = stiffness in dyne 
cm'i. 


Besides the oscillating periods for the recording system + muscle 
(T|), that for the unloaded system without muscle (Tq) is deter- 
mined as well as the oscillating period (Tq) for the system loaded 
with a known mass Mq (Tq^). 

From these determinations of Tj, Tq and To^ and formula (1) 
the following equations can be written 

T = 2 TT j/2“ , (2) 
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From equations (2) and (3) after quadration we get the following 
expression for the mass of the system (Mq)* 

To' ^ _ mo -4- mp' (5) 

To"' mo 

, V (6) 

mo = nio • rn » 2 'P 2 

After quadration we get from (2) 


So — 4 

Substituting (6) for (7) 

mo' 

So — 4 71- 

By quadrating (4) we get the following expression 
fibre (S) 


(7) 

( 8 ) 

for stiffness of the 


So + Sj — 4 rr- 


mo 

T 2 


S, = 4 .-r- y^2 


So 


(9) 


If, besides stiffness of the fibre, its length (1) and cross-section (q) 
arc known, the elasticity modulus (E) can be computed. We get 


p (10) 

_ q 

In the majority of cases q is not determined and only relative 
values of stiffness arc used to characterise elastic properties. The 
relative elasticity modulus computed in a number of cases is derived 
from formula 



where is stiffness measured at length 1^^, Sjoo. equilibrium length 
and Em. the relative elasticity modulus. 

The current impulses inducing vibrations must not be so strong 
that they cause appreciable length alterations of the muscle, as con- 
siderable changes in tension would result. They are therefore adapted 
-SO that the changes in length arc not more than half those caused by 
the isometric contraction i. e. at most 0.25 per cent of the length of 
the muscle. 


To estimate stiffness as accurately at possible it should be similar in 
both muscle and myograph i. e. it must lie between maximal and 
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Fig. 12. Curve 1. Error in determination of stiffness (measurement error 2 ms) 
as a function of oscillation period (T° — ^Ti). 

Curve 2. Stiffness as function of variation in oscillation period. 

Abscissa; variation of oscillation period in ms. 

Ordinate: (to the right belonging to curve 1) percentage error, (to the left 
belonging to curve 2) stiffness in dynes cm-i. 


minimal stiffness of the muscle. Stiffness and the mass of the system 
are adjusted to produce frequencies which ensure determination of 
dynamic stiffness proper even at the lowest frequencies. If this is not 
the case the oscillating period affects stiffness which becomes rela- 
tively higher at high than at low frequencies. 

With a frequency of 7 — 13 cycles per sec, the mass of the system is 
10 — 12 g. This frequency allows stiffness at the height of contraction 
to be calculated from up to 7 — 8 vibrations which all lie ^vithin the 
peak level of contraction where tension is relatively constant. It is 
also possible to measure stiffness in release experiments during con- 
traction but here maximally 4 — 5 vibrations fall within the same level 
of contraction. This naturally holds good only for experiments at low 
temperature. 
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To determine accuracy in measuring dynamic stiffness, experiments 
arc performed on ^vell consolidated fibres at different stretcb. Four 
determinations are made at each length. The maximal error does 
not exceed 2 ms Avith T varj-ing between 145—100 ms. The curves in 
fi". 12 show how this error varies as function of the difference 
in\o— Ti- 

Simultaneously with experiments on dynamic stiffness, length-ten- 
sion diagrams are recorded and from their gradient static relative 
E-moduli of the resting fibre are calculated and compared with 
dynamic. To gel an idea of the absolute size of these moduli the 
jibre diameter is measured in two planes at right angles to each other, 
presupposing that the edges of tire preparation are rounded so that 
the shape of the cross-section rvould be something between a rect- 
angle and an ellipse. Although this procedure is imbued with rela- 
tively high uncertainty it is preferable to weighing because the pre- 
paration weighs less than 1/10 mg, and uncontrollable evaporation 
of its fluid would introduce still greater errors. The diameters are 
measured by placing a surface-plated mirror in the preparation cham- 
ber (23 fig. 3) so that it reflects at an angle of 45° and thus makes 
possible a measurement of the fibre dimensions in two planes at 
right angles to each other. Fibre diameters and their reflected images 
are measured with the eyepiece micrometer of the measuring micro- 
scope. The E-modulus can thus be calculated from formula 10 and 
the data found above. 


Semi-djTianiic experiments. 

The above vibration experiments are well suited to an investigation 
of stiffness within a small range but less so for a continuous study of 
stiffness. For this the fibre must be subjected to periodic changes in 
length which cause corresponding changes in tension (Buchthal, 
Kaiser and Knappeis 1944). These are an expression of the 
fibre .stiffness which can, therefore, be calculated if changes in length 
and corresponding changes in tension are known. 

The changes in length in the fibre are brought about by means of 
the electro-magnet (15 fig. 3) and of a resistance, the size of which 
can be varied by a motor-driven .slider thereby producing the sinus- 
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Fig. 13. Diagram of electro-magnet and variable resistance. 



Fig. 14. Determination of stiffness from periodic length-tension variations. 
Time marks = 20 ms. 


shaped current variations described above. A scheme of the arrange- 
ment is given in fig. 13. Changes in tension are recorded by the con- 
denser myograph. Changes in length can amount to between 6 — 8 
per cent of the fibre length. Frequency used is between 2 — 4 vibra- 
tions per sec. 

Thus during contraction the tension developed is superposed with 
small tension variations which increase with increasing contraction 
tension and their size is a measure of stiffness (fig. 14). A measure- 
ment of tension is given by the mean of the upper and lower curves. 
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To enable the oscillating condenser plates to follow these changes 
in tension the stiffness of the hanging springs must be considerably 
higher than in the djmamic experiment. The springs are therefore 
adjusted to a vibration frequency of about 100/sec. The distance 
between the condenser plates must be decreased in a corresponding 
degree to obtain sufficient sensitivity. After recording calibration im- 
pulses. periodic tension variations are introduced and 2 contractions 
recorded. Otherwise the experimental procedure corresponds to that 
described in the dynamic experiments. 

Tlie cur\c is analysed in the following manner. A base line is 
drawn parallel to the edge of the film. Then the peaks and dips 
in the sinus-formed vibration cur\’cs as well as the base line are 
perforated by a fine needle. The curve is then placed in a projection 
apparatus which gives a sufficient enlargement (about 3 — 4 times) 
and the light dots corresponding to the perforations are dra\s'n on 
millimetre paper. The points of the peaks and the dips are joined 
to make an upper and lower curve and the base line drawn. The 
differences between the distance from the base line to the upper 
and lower curve which corresponds to stiffness are read for every 
5 mm. The mean between the sums of the distances, which is a rela- 
tive measurement of the tension present, is calculated. The height 
of the projected calibration impulses is read and from these data 
values of stiffness and tension are computed. 


Investigation of viscous properties. 

Decrement of amplitude in vibrations in the stiffness experiment 
described above gives a measure of viscosity. From these the so-called 
damping constant can be worked out. This is a measure of the energy 
inhibiting the above vibrations. Energy comes from the muscle itself 
as an expression of its viscosity. The proportion between tw'o succesive 
vibrations can be expressed by the formula. 

f = c P T/2 m. 

where P ~ damping constant, T = time in sec and m = mass of 
the vibrating system in gram. 
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P is expressed in dyne X cm-i X sec and is an expression of 
the non-elastic resistance in dynes inhibiting the system when its 
rate of movement is 1 cm/sec. 

From equation (1) we get 
„ , , 2 m 

P = logf— (2) 

P is thus affected by the ratio between the amplitudes of two suc- 
cessive vibrations and there is a direct proportion ^o the natural 
logarithm of these ratios and an inverse proportion to vibration time. 

By measuring the amplitudes and plotting them in a semi-loga- 
rithmic coordinate system with abscissa marking frequencies with 
constant distance, a gradient of the curves proportional to the loga- 
rithmic decrement is obtained. If w'e call the difference between the 
two amplitudes on these curves L, and the decrement in a line corre- 
sponding to the degree of damping hg, equation (2) can be written 



This is an expression for total damping. To find the damping of 
the muscle Pf, the damping of the system itself must be subtracted. 

We get P — P^ = Pf (4) 

For a better understanding of the size of the viscous forces com- 
pared with the elastic stiffness of the fibre, the so-called viscous 
stiffness is worked out from the formula. 


(5) 

Curves from the dynamic experiments are used for this viscosity 
calculation. They are treated in the same Avay as those for stiffness 


determination and suitable amplitudes of oscillations are chosen to 
allow convenient measurement. 


The peaks and the minima respectively are connected, the distance 
between the upper and lower curve determined at each peak and 
each minimum and plotted in a semi-logarithmic coordinate system. 
The logarithmic decrement is then read and enters the above formula 
for calculating damping constant and viscous stiffness. 

Consolidation course following sudden elongations of the fibre 
at rest and during contraction — - the so-called elastic after-effect 
— I'ust as the damping constant, is a measure of viscosity. Apart 
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from these experiments \s'ith short observation time, a series of expe- 
riments is performed where consolidation time is followed for several 
hours. 

The apparatus is the same as that used bj' Buchthal, Kaiser 
and Ktinppeis (1944) in similar experiments on skeletal muscle. 
It is constructed for measuring consolidation of the muscle at diffe- 
rent degrees of stretch and temperature, and consists of two twee- 
zers, one fixed to a slide moved by a micrometer screw, the other 
suspended in a gallows by two thin steel springs 9 cm long. To 
avoid conduction of heat between tweezer and springs, the former 
is attached to the springs by short pieces of thin wire (0.1 mm dia- 
meter) of low thermal conductance. The tweezers are made of Invar 
metal to prevent thermal expansion affecting the experiment. Dis- 
placements of the springs and tweezer are microscopically observed 
by measuring movements of a cobweb attached to the latter. The 
enlargement amounts to about 50 times and cobweb displacements 
arc measured by means of an eyepiece screw micrometer with mo- 
vable cobweb (1 scale unit = 2*4 /t). Preparation, Ringer solution 
and cooling arc the same as in previous experiments. The fibre is 
stretched 20 — 30 per cent for Vo hour. Then equilibrium length is de- 
termined and the fibre stretched anew 25 — 35 per cent. Tension chang- 
es are then read by the eyepiece micrometer every 10 — 15 seconds. 
After a few minutes, intervals between readings are suitably increa- 
sed. .After two hours or sooner if consolidation finishes before, the 
new equilibrium length and fibre tension are determined by relaxation 
to tension zero. Consolidation course is then follow’cd again after a 
new elongation of 25 — 30 per cent, for a period of up to ?>y 2 hours. 

A{)arl from experiments with sudden stretches, those with sudden 
relaxations can provide information on plastic and viscous proper- 
ties of the fibre. 


Investigation of the lengths of isotropic (I) and aniso- 
tropic (A) substances. 

-A number of experiments are performed to measure the part in 
height of compartment taken by the anisotropic and isotropic sub- 
stances respectively. Single fibres at the edge of a thin bundle of 
cardiac muscle filires are micro-photographed at rest and during 
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contraction and the negative measured microscopically (for mea- 
suring technique c. f. Buchthal, Knappeis and L i n d h a r d 
1936). Thin muscle bundles of cardiac muscle (6 — 8 fibres) from 
the wall of the ventricle are fixed at both ends under two metal 
clamps fastened to two metal blocks which slide in a sledge in an 
ebony plate. The preparation can be stretched or relaxed by a micro- 
meter screw. 

Micro-photographs were taken with microscope objective Zeiss epi. 
40 numerical aperture 0.65 or apo. 70 numerical aperture 1 *125. 
The enlargement amounted to 200 — 350 times. The highly sensi- 
tive film, Ilford Pan hypersensitive was used as negative material 
which in conjunction with a Wolfram point light lamp (arc lamp) 
allowed an exposure of 0.1 — 0.2 sec which is sufficiently short to 
photograph, the cooled preparation during contraction. 

Measuring of negatives. 

Micro-photographs are measured on the negative under the micro- 
scope with an eyepiece screw micrometer with adjustable cobweb 
enlarging 12 *5 times. Total enlargement thus amounts to about 
2500 — 4200 times respectively. To obtain the height of compartment 
the length of 10 successive compartments is measured. Besides this, 
10 measurements of I and A substance respectively are taken on 
each negative. 


Experiments mth application of adrenalin and acetyl- 
choline. 

Preliminary experiments are performed on the effect of adrena- 
lin and acetylcholine on mechanical properties of cardiac muscle 
(tension, stiffness and viscosity) during rest and contraction. 

Adrenalini hydrochlor. Leo in ampulla 1.2 mg/ml is used. Be- 
fore use the solution is diluted with frog Ringer to a concentration 
of 1:200.000. The acetylcholine solution is prepared from crystal- 
line substance (Hoffmann la Roche). Acid solution wnth a pH 
of 5 obtained by adding 0.1 n HCl is found to be stable (Brow n, 
Dale and F e 1 d b e r g 1936). During the experiment adrenalin and 
acetylcholine are added in concentrations previously found to affect 
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muscle tension and causing at least 20 per cent increase or decrease 
rcspccliv'ely. Concentration lies between 1:5 '10° and 1:10 . Length- 
tension diagrams during rest and contraction as well as length-stiff- 
ness and stiffness-tension diagrams in both vibration and semi- 
dynamic experiments are investigated. Furthermore damping is de- 
termined in vibration experiments. All other experimental conditions 
arc the same as described above and fibre lengths from 100 — 125 
arc investigated. 

An experiment was performed in the following way. Some cali- 
brating impulses were recorded with 2 — 3 normal contractions. Adre- 
nalin or acetylcholine was added to the Ringer solution by a fine 
syringe, care being taken to ensure that the drug was well distri- 
buted. After 3 — 4- minutes conditions were stabilised. Then the com- 
pensation current was read at lengths over 100 and calibrating im- 
pulses and contractions registered as above. The preparation was 
then washed out with Ringer solution and control contractions re- 
corded. Generally normal conditions were restored 3 — 4 minutes 
after tlie washing out. The muscle was then relaxed and the apparatus 
controlled for possible drift. Then the muscle was stretched to the 
next length and the same procedure repealed. 



Results 

Length-tension diagrams of cardiac muscle. 

In previous investigations of mechanical properties of cardiac mus- 
cle the static properties (consolidated tension as function of stretch) 
have heen the especial object of study. As pointed out by Gassfer 
and Hill (1924) and Buchthal (1942), these experiments are 
only an incomplete expression of elastic and viscous properties. They 
provide information on static stiffness, plasticity and work capacity. 
Besides purely static experiments the following chapters deal with 
so-called dynamic and semi-dynamic experiments including stretch 
and release of the resting and contracting muscle. Here the simul- 
taneous variation of stretch and tension are recorded with fre- 
quencies of 10 and 1 — 0.5 cycles per sec respectively. The 
changes in length of A and I substance during stretch at rest and 
during contraction are investigated and the length-tension diagrams 
for the respective substances constructed. 

The length-tension diagram at rest (fig. 15 a) rises gradually 
in the beginning and more steeply from length 170 — 190. Stret- 
ches up to 200 per cent of equilibrium length are attained here. 
The first part of the curve up to length 120 shows a tendency 
to rise more steeply. Otherwise the curve is evenly concave up- 
wards. The first abrupt rise in the length-tension diagram of the 
resting fibre, found also in rubber, does not occur in skeletal muscle. 
This implies that at equilibrium length cardiac muscle is less pre 
orientated than skeletal muscle and may explain the difference in 
extensibility. Determination of equilibrium length leads to more 
constant and exact values when the muscle is previously stretched 
30 per cent. Equilibrium lengths with and without short pre-stretch- 
ing may differ up to 10 per cent. 
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Fip. 15. Lcnpth-len?ion dinprnm of a cardiac muscle bundle ai re.sl and during 
ifomctric contraction, 
a. Icnptli-tension diagram at rest. 

h. lenpth lcnsion di-npram during contraction iinitiai ten.sion + extra-tension = 

i'omctric maxima). 

c. extra-tension (troduced by contraction. 

Vi'hcn extension exceeds 25 per cent it is not completely rever- 
sible in the miniilc during which it is observed. When a fibre is ex- 
tended to length 200 in the course of an experiment of long dura- 
tion, and then rclea.sed to tension zero, a lengthening of more than 60 
per cent persists, provided that not more than a minute has elapsed 
between relaxation and mcasurcmcnl. After a few more minutes a fur- 
ther shortening takes place. This slow stabilisation of the fibre can he 
explained by viscosity (c. f. page 67), 

Lenf^th-tension diagram during isometric contraction (fig. 15 h). 

Up to length 175 — 200 the curve of the contracted fibre (isometric 
maxima) rises more steeply than when at rest. At higher elongations 
the contraction curve approaches the length-tension diagram of the 
resting fif)rc. This convergence is never so great that the curves 
lie a*; close to each other a.« they do at length 100- The shape of the 
length-tension diagram during contraction is dependent on extra- 
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tension produced by the contraction which increases up to length 
175 — ^200 (fig. 15 c). At higher elongations extra-tension decreases. 
In many cases however, no decrease in extra-tension of the fibre is 
attained as during contraction it frequently snaps at lengths 225 — 
250. Extra-tension of contraction can attain, at maximum, values 
6 — 8 times higher than at length 100. 

The length-tension diagram of contracted cardiac muscle differs 
essentially from the corresponding curves for skeletal muscle where, 
often at equilibrium length, extra-tension attains its maximum, then 
decreases and finally meets the length-tension curve of the resting 
fibre at length 160 — 200. The sudden changes in gradient of length- 
tension diagrams of skeletal muscle during contraction, observed by 
Blix (1892) and others, and explained by Buchthal (1942) as 
being due to yielding within the contractile substance, are not found 
in length-tension diagrams of cardiac muscle. 

Stretch of muscle during contraction. 

When recording the curve for the isometric maxima the muscle 
is given different lengths at rest and then contractions are initiated. 
With stretch during contraction (3 — 4 per cent) increase in tension 
measured 1 sec after stretch rises more steeply than it does in the 
curve for the isometric maxima (1. fig. 16.). The higher the initial 
length the steeper is the increase in tension. These observations 
are in contrast to similar experiments on single skeletal muscle fibres 
(Buchthal 1942) where curves for isometric maxima and length- 
tension diagrams for the muscle stretched during contraction coin- 
cide up to length 140. At higher elongations, tension after stretch du- 
ring contraction of cardiac muscle likewise exceeds tension values of 
isometric maxima. 

Release of contracting muscle to tension at rest. 

The fall in tension in release contractions shows a course which 
is very similar to length-tension diagrams obtained in stretch expe- 
riments i. e. tension attained during release contraction lies con- 
siderably below the isometric tension at the same length. The fall 
in tension does not follow that for isometric maxima which appa- 
rently is not reversible. Here also tension changes at higher initial 
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Fip. 16. Lcnglh-tcn.‘;ion dingrnm of a cardiac muscle bundle at rest and during 
rontraclion (mean cur%‘c). 

a. length-tension diagram of resting fibre. 

b. length-tension diagram of isometrically contracting fibre. 

c. length-tension diagram of muscle stretched during contraction. 

d. length-tension diagram of muscle released during contraction. 

(1) variations in tension when stretching from isometric maxima. 

(2) variations in tension when releasing from isometric maxima. 

(.3) variations in tension when stretching a resting fibre. 

(4) variations in tension Vi-hen relaxing a resting fibre. 

lengths tire steeper (2. fig. 16). Changes in length during these 
release contractions are at most 30 per cent of the equilibrium length. 

The course of release curves is like those found in skeletal muscle 
during release from tetanic contraction, where a consolidation time 
of five seconds is allowed, which is sufficient for the fibre 
to consolidate. In spile of the possibility of consolidation in 
skeletal muscle the partial release length-tension diagram does 
not coincide with the curve for the isometric maxima. This 
deviation is explained by introducing the conception of an elastic 
locking (Buchthal 19-42) irreversible during contraction. The 
release diagrams represent a sysslem of approximately parallel curves 
starting from the respective points of the cun-e for the isometric 
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maxima. The fibre is regarded as being locked to one of these partial 
diagrams as long as stimulation continues, and the fibre is not stret- 
ched above the respective lengths in isometric contraction. 

The question now is whether these release curves in cardiac muscle 
are likewise an expression of elastic locking or are due to incomplete 
consolidation. With regard to static conditions it is obvious that in 
contracting cardiac muscle, tension can only be observed during a 
much shorter time than in corresponding experiments on skeletal 
muscle. Part of the great fall in tension measured between the iso- 
metric maxima and release curve must therefore be due to the essen- 
tially shorter consolidation time. How’ large a part of the fall in 
tension is actually static cannot be deduced from experiments during 
contraction, but a corresponding relaxation at rest can supply this 
information. 

Relaxation of resting muscle. 

Tension here is registered at the same time after relaxation as ten- 
sion during release contraction (4 fig. 16) . The length-tension curves 
during relaxation show a course completely parallel with release cur- 
ves during contraction. The fall in tension is thus due to incomplete 
consolidation time and is not static. In skeletal muscle a great diffe- 
rence is found between relaxation at rest and release during contrac- 
tion, which cannot be explained by viscosity as can the corresponding 
fall in tension in cardiac muscle and which is due to elastic locking. 

Correlation of length-tension and intraventricular pressure. 

The curv'e of the isometric maxima in cardiac muscle differs from 
the corresponding cur\’e for skeletal muscle in that it shows a stee- 
per rise throughout so that contraction extra-tension only reaches 
its maximum at much higher elongations. Apparently this observa- 
tion disagrees with that of 0. Frank (1895) on the whole ventri- 
cle. He finds that pressure during contraction has already reached 
a maximum at moderate degrees of filling. 

What is the explanation of this difference between results found 
for the whole ventricle and for the muscle bundle? There are four 
main possibilities. Firstly, the increase in tension in muscle due to an 
increase in volume may not result in an increase in pressure, as the 
resulting pressure, though proportional to the increase in tension, 
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Fip. 17. Relation between tension in cardiac muscle and intraventricular pressure. 

(1) Icnpth-tcnsion diagram. 

( 2 ) lenpth-prcssurc diagram. 

Ab'-cissa; length of fibre (equilibrium length = 100). 

Ordinate: tension and pressure in identical arbitrary’ uriits. 


is in inverse proportion to the sceond power of the radii, if we suppose 
tension coneentrated in the middle of the wall. This inverse proportio- 
nality between pressure and radii cannot, however, explain the differ- 
ence between Frank's results and ours. Fig. 17 shows the relation of 
tension ( isometric maxima) and systolic pressure as function of length 
of ilie single muscle element. The heart is presumed to be spherical. 
Tension increases more abruptly than pressure. At length 200 pres- 
sure is only quarter as high as tension while volume is 8 times greater 
than initial volume i. e. the heart volume with all its fibres at 
equilibrium length. The curve in fig. 17 deviates from Frank’s curve 
in that the pressure corresponding to tension in the curve for iso- 
metric contraction does not attain a maximum. Therefore, the dimi- 
nution of relative tension with increasing radius cannot explain the 
difference between Frank’.s obscrv'ations and ours. 
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Fig. 18. Diagram of elastic and non-elastic resistance to stretch, 
e = elastic forces consisting of contractile elements, 
b = non-elastic, non-contractile elements. 


The second possibility is that experiments on cardiac muscle fibres 
only correspond to the lower part of Frank’s curve. This alternative 
is hardly probable as the changes in length present in our experi- 
ments would conform to 10 times the initial volume of the heart, 
while Frank, in experiments on the whole ventricle, finds only lesser 
changes in volume. 

Thirdly, it is possible that a great deal of tension in the resting 
fibre in Frank’s experiments is caused by shunting effect of relati- 
vely non-elastic elements such as connective tissue, vessels and peri- 
cardium. How this shunt effect works is seen in fig. 18 where e 
is an elasticity which when stretched develops force e, and b cor- 
responds to several non-elastic elements developing force b. During 
contraction we get an extra tension f, which does not appear fully 
but becomes f — b, as b disappears with shortening provided that 
it is sufficiently non-elastic. 

The fourth possibility is that viscosities arranged parallel in the 
heart added to those of single fibres can have an inhibitory effect 
on tension development. 

Shunt effect and viscosity, possibilities three and four, are the 
most probable explanations of the difference between our length- 
tension diagrams and Frank’s pressure-volume curves. 
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f'lp. 19. Length of anisotropic (A) and isotropic (I) substances in per cent 
of equilibrium length of compartment (A + I) ot rest, compared witli the length- 
tension diagram of the fibre. 

(1) lengtli-tension diagram of the resting fibre. 

(21 curve of isometric maxima (first part). 

(3) length of I at rest as function of stretch. 

{•}) length of A at rest as function of stretch. 

(5) length of I during isometric contraction. 

(6) length of A during isometric contraction. 

Abscissa: (common for length-tension diagram and for the relative lengths of 
K and I) height of compartment (A -f- I). 

Ordinate: (/e/tl height of A and I in per cent of A + I at equilibrium length, 
{rtpkt) tension of cardiac muscle fibre in relative units. 
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Length-tension diagrams of the anisotropic and iso- 
tropic substance*). 

The proportion beUs'een the length of the anisotropic (A) and 
isotropic (I) substance at different degrees of stretch is studied in 
resting cardiac muscle in 24 experiments. The length of the fibre 
varies between 100 and 170. During contraction only a few prelimi- 
nary experiments are performed at equilibrium length. In these 
experiments only the lengths of A and I substance as a function of 
stretch are studied, as for technical reasons stiffness and tension 
cannot be investigated simultaneously. Using mean curves of length- 
tension diagrams from other experiments, the respective diagrams 
for the A and I substances can be constructed. 

The length of both A aud I at rest as a function of stretch shows 
a linear increase (fig. 19) which is relatively greater for I than for A. 
At equilibrium lengtli the A substance is 60 per cent of the length 
of compartment and the I substance 40 per cent, while at higher 
elongations they are 58.8 and 41.2 per cent respectively. This dif- 
ference is more marked if the relative increase in length of the sub- 
stances is referred to tlie respective equilibrium lengths (fig. 20). 
The relative increase in length for I is essentially higher than that 
for the A substance, e. g. at length 110 the I substance has increased 
by 12 per cent while the A substance has only increased by 8 • 5 
cent. The A substance is thus 30 per cent less extensible than the I 
substance. This is in contrast to skeletal muscle where I is 20 per 
cent less extensible than A. 

The length-tension diagram of the A and I substance at rest. 

Length-tension diagrams for the respective substances can be con- 
structed from the curve of the length of A and I as function of 
stretch (3, 4 fig. 19) and the length-tension diagram of the resting 
fibre (1. fig. 19). We suppose that all tension in the muscle fibre is 
exerted by the A and I substance and disregard otlier factors which 
could affect elastic properties e. g. sarcolemma and other membra- 
nes inside the muscle fibre, the contribution to tension of which 


*) These experiments were performed in collaboration with Mr G. G. 
Knappeis. 
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Fip. 20. Stretch of A and I in per cent of their equilibrium lengths as a func- 
tion of stretch of compartment (A + I). 

Abscissa: Stretch of compartment (A -h I) in per cent of equilibrium length. 
Ordinate: Stretch of A and I in per cent of their equilibrium lengths. 


is not supposed to c.xcced a few per cent. The length-tension diagram 
for the I substance has a steeper course than that for the A sub- 
stance, otherwise the curves have a similar course (fig. 21). 

As preliminary contraction experiments were hitherto performed 
only at equilibrium length, comparisons with length-tension diagrams 
at rest could not be drawn. During contraction the A substance short- 
ens about 10 per cent while the I substance extends about 15 per 
cent (fig. 19). Tlius contraction tension appears to emanate more 
from A than from I. In how far the I substance participates acti- 
vely in contraction is difficult to determine from these experiments 
alone. From the length-tension diagram of I at rest it can be seen 
tliat an increase in length of 15 per cent i, e. from 40 — 40 results 
in only half the tension developed during contraction. This, with 
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Fig. 21. Length-tension diagram of A and I substances at resL 

Abscissa; length of A and I in relative units (equilibrium length of A-i-I=100), 

Ordinate: tension in relative units. 


numerous observations by Buchthal (1942) on skeletal muscle, 
supports the assumption tliat also in cardiac muscle the I sub- 
stance participates actively in the contraction process. The essen- 
tial proof of the activity in the I substance in skeletal muscle is 
seen in release contraction experiments which unfortunately, due 
to reasons discussed above, cannot be performed on cardiac muscle. 

Investigation of stiffness. 

Stiffness in vibration and semi-dynamic experiments is investi- 
gated at rest, during isometric contraction and release contraction as 
function of length and tension (method page 27). Table 2 contains a 
record of a vibration experiment. The stiffness values obtained are 
relative and in a series of experiments absolute elasticity moduli are 
determined. When determining elasticity modulus, variations in cross- 
section which are considerable in highly elastic bodies are introduced. 
Therefore, when investigating structural properties in relation to ten- 
sion in highly elastic substances e. g. muscles, the elasticity moduli 
as emphasised by Buchthal (1942) are not the best expression 
for the experimental observations. As stiffness-tension variations are 
primarily determined from changes in molecules or micellae, and less 
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Vibration time during con- 
traction in sec 

Stiffness during contraction 
in dyne cm-1 

M 

1 


1 

3.1 

3.7 

0 

9.6 

9.6 

B 


0.134 

4500 


2 


1 

3.2 

3.8 

0 

9.6 

9.6 

n 


0,137 

3500 


3 

1,1 

1,7 

2.8 

3.7 

8,8 

18,0 

26.8 

0,137 

B!w» 

0,129 

6300 


4 

1.1 

1.7 

2.7 

3,6 

8,8 

18.2 

27,0 


3500 

0.129 

6300 


5 

2.2 

2.0 

3,2 

4.9 
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24.5 

42 
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0,121 
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0.121 
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27 
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29 
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0,112 
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3.0 
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29 
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3.0 

3.3 

3.8 

48,8 

27,6 

76 


10500 

0,112 

14100 


12 

6.1 

3.0 

3.3 

3,8 

48,8 

27,6 

76 


10900 

0,112 

14100 

220 

13 

11 

2.5 

3.6 

KU 

88 

21 

109 


19000 

ijUjy 

20600 


14 

11 

2.5 

3.6 


88 

21 
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18500 

wm 

19900 


Fibre length = 1,5 mm To = 0,150 To' = 0,171 Temp: 6, 5“ C. 
Mo' = 3 R Mo = W,1 So — 17700 dyne cm-^. 


from the inverse proporlional changes in length and cross-section, 
we have not cottsidcred it necessary to transform the stiffness mea- 
sured to elasticity moduli. Thus the directly measured stiffness is 
more suitable as material constant. 

^hen Gasser and Hill (1924) with similar technique found 
that the elasticity modulus of contracted muscle was 16 times that 
of resting muscle, they interpreted this increase as being due to the 
contraction process only, disregarding the possible influence of the 
increase in tension on stiffness. B u c h t h a 1 (1942), however, showed 
that stiffness in resting muscle increases with tension and that the 
main part of stiffness due to contraction is caused by the increase in 
tension and only in a lesser degree by the contraction process proper. 
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Fig. 22. Length-stiffness diagram of a cardiac muscle fibre at rest, during iso- 
metric and release contraction. 

(1) length-stiffness diagram at rest. 

(2) length-stiffness diagram during isometric contraction. 

(3) length-stiffness diagram of release-contraction (fibre released to the same 
tension as at rest). 

Abscissa: length of the fibre (equilibrium length = 100). 

Ordinate: stiffness in arbitrarj' units. 


In the folloiving, stiffness at rest and during contraction are com- 
pared both as function of length and tension, the latter being a bet- 
ter expression of changes in stiffness due to the contraction process. 


Dynamic Stiflfness. 

Vibration experiments. 

Stiffness as function of length at rest. Already at length 100 a 
stiffness is present at rest which increases in a curve concave upwards, 
the course of which is similar to that of the length-tension diagram 
i. e. till length 180 the gradient increases gradually and then rises 
steeply (1. fig. 22). The stiffness present at length 100 where tension 
is zero is an expression of a certain structure present in the un- 
stretched muscle. 
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Fip. 23. Stiffness ns function of load at rest and during isometric contraction, 
the curve for release-contraction coinciding vrith that at rest. 

(1) stiffness-tension diagram at rest and during release-contraction, 

(2) stiffness-tension diagram during isometric contraction. 

Abscissa; tension in mg. 

Ordinate: stiffness in d>Tic cm-\ 

Stiffness as function of tension at rest. The increase in stiffness 
is proportional to the increase in tension i. e. the course of the curve 
is linear although there is a deviation at the beginning and end of 
the stiffness-tension diagram towards a less steep gradient (1. fig. 23). 
The initial deviation of tlie gradient from linear course is due to a 
coarse adjustment of fibre elements, which occurs before stiffness 
is an expression of minute structure. 

Stiffness in release during contraction to the same tension as at rest. 
Length-stiffness curves during rest and release contraction have a 
parallel course (3. fig. 22). Stiffness ns function of tension is identi- 
cal at rest and during release contraction and coincides with curve 
1. fig. 23. 

Stiffness in isometric contraction. 

When comparing stiffness of the. contracted fibre (stg) with that 
of the resting fibre (stj.) at the same length the former is essentially 
higher (2. fig. 22) . At length 100 the proportion st^ : stj. = 3.5 
and remains constant till length 140 then slowly decreases, being 
2.6 at length 170 and 1.85 at length 200. It falls further but in 
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no case does it reach 1, the lowest value Being 1.3 at length 240. 
The shape of the length-stiffness diagram is similar to that of the 
corresponding length tension diagram. In the beginning the curve 
rises steeply and then converges towards the resting curve at the 
same length where the length-tension diagram of the contracted fibre 
approaches that of the resting fibre. 

Stiffiiess as function of tension, in isometric contraction has the 
same course as that at rest and release contraction, although the first 
tendency of the rest diagram towards a less steep course at low ten- 
sions is not marked in contraction (2. fig. 23) . Furthermore, the stiff- 
ness-tension diagrams at rest and release contraction coincide on the 
same straight line within the range where tension can be compared 
under the different conditions. At high tensions the diagram has a 
less steep course i. e. it deviates from the straight line so that stiff- 
ness increases less steeply than tension. 

If muscle lengths are compared at the same tension in length- 
stiffness and stiffness-tension diagrams the muscle is found to be 
longest at rest, shorter in release contraction and shortest in iso- 
metric contraction. The continuations of length-stiffness diagrams 
intersect the abscissa at the same point i. e. stiffness zero is obtained 
at about length 70. 

Above length 70 (stiffness = zero) three different conditions are 
found in muscle where tension and stiffness are identical hut length 
and cross-section vary considerably. In other Avords stiffness in car- 
diac muscle is determined by the tension present and not by length 
and cross-section as in isotropic elastic bodies. 

A comparison of skeletal and cardiac muscle reveals essential dif- 
ferences. With the frequencies applied here, stiffness in the contracted 
skeletal muscle is always higher at the beginning of the length-ten- 
sion diagram than at rest and attains the resting values only after 
a critical tension (yielding). Thus the stiffness-tension diagram du- 
ring contraction deviates essentially from that at rest while those 
for cardiac muscle coincide. While in skeletal muscle stiffness can 
be used as an indicator of both presence and amount of contracting 
substance, this is not possible in cardiac muscle. 
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Fig. 24. Stiffness as function of tension and time during contraction. 

(1) stiffness-tension diagram during contraetion (the arrows indicate direction 
of stiffness-tension variations). 

(2) stiffness in proportion to tension ( — as function of time. 

\y+hf 

Abscissa (lower, belonging to cur\’c 1) : tension in arbitrary units. 

Abscissa (upper, belonging to curve 2) t time in sec. 

Ordinate (left, belonging to 1) : stiffness in arbitrary units. 

St 

Ordinate (right, belonging to 2) : 

y + b 


Semi-dynamic stiffness investigations. 

When scmi-dymamic stiffness is measured at the height of contrac- 
tion the length-stiffness diagrams at rest and during contraction are 
identical with the corresponding curr’es from the vibration experi- 
ments. This applies also to stiffness-tension diagrams. 

The stiffness-tension diagram in semi-dynamic contraction shows 
that at the beginning of contraction stiffness increases steeply, after 
which it has a linear course during both increase and decrease of 
tension (fig. 24). The gradient is the same as in the above mentioned 
stiffness-tension diagrams in vibration experiments. At the start of 
contraction there is an unproportionality between tension and stiffness. 
If these semi-dynamic diagrams are treated as dynamic stiffness deter- 
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Fig. 25 . Static and dynamic stiffness as function of length in cardiac muscle 
(mean curve). 

(1) dynamic stiffness at rest. 

(2) dynamic stiffness during isometric contraction. 

(3) static stiffness at rest. 

r4) static stiffness during isometric contraction (determined from release dia- 
grams during contraction). 


minations of single contractions in skeletal muscle have been treated 
by Buchthal and Kaiser (1944), we find that the proportion 

dst 

between stiffness and tension can be expressed bv — = F. where F 

' dy 

is a constant, dst the increase in stiffness and dy the increase in 
tension. As is seen from the stiffness-tension diagram (fig. 23), al- 
ready at tension zero a certain stiffness is found in muscle. By extra- 
polation to stiffness zero we get a corresponding negative tension ter- 
med stiffness-tension (b). The stiffness-tension diagram shows that b 
is the same in rest and contraction. The linear stiffness-tension dia- 
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sram can thus be expressed by the equation st — (y + b) F, from 

T-. 

\shich follows F — ~ U. j^‘ 

Studying the coefficient F more closely during contraction, we find 
(hat at the start of contraction F rises steeply reaching a maximum 
after about 0.15—0.2 sec, returning to its original value after a 
further 0.3— 0.4 sec. From this it is seen that stiffness at the start 
of contraction rises relatively more rapidly than tension, a fact 
also valid for skeletal muscle (Buchthal and Kaiser 1944). 
.According to these authors this increase in stiffness is not due to 
extrinsic tension but to intrinsic tension caused by the interaction 
of contracting and non-contracting shunting substances. 


Proportion between static and dynamic stiffness. 

Tlic static stiffness determined from the gradient of the length- 
tension diagram at rest is considerably less than the corresponding 
dynamic stiffness (fig. 25). At length 100 the dynamic stiffness is 10 
times the sire of the static, after which it increases so that at length 
120 it is 13 times as high, and at lengths 160 — 200, 16 times as high. 
At higher elongations it decreases towards the value found at equi- 
librium length. This is in contrast to skeletal muscle where the pro- 
portion between dynamic and static stiffness at rest is approxi- 
mately constant in the ratio 2:1. 

The variations of ag function of length could 

dynamic stiffness 

be due to the fact that at equilibrium length part of the tension goes 
to mechanical straightening out of the muscle. At high degrees of 
stretch, static conditions are not achieved after the relatively short 
consolidation time of half-an-hour which generally elapses before 
stiffness is recorded, so that stiffness is not completely static. 

Static and dynamic stiffness cannot be compared during contrac- 
tion. In skeletal muscle the reversible release diagram is used as an 
expression of static stiffness. Due to the higher consolidation time, 
release diagrams cannot be regarded as static in cardiac muscle 
and therefore cannot be used as a basis for comparison. The curve 
of the isometric maxima could be used as measure of static stiffness. 
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were it not for the fact that high viscosity makes it impossible to 
decide whether elastic locking is present or not. In spite of the 
above reservations we have determined static stiffness partly from 
release diagrams, partly from curves for the isometric maxima. Dyna- 
mic stiffness during contraction in proportion to static stiffness from 
release diagrams varies in the same way as the corresponding stiff- 
ness in the muscle at rest The proportion is, however, relatively 
less as, due to viscosity, static stiffness is too high. Dynamic stiffness 
in proportion to static stiffness (determined from the gradient of 
the isometric maxima) behaves similarly except that the values are 
somewhat higher than at rest. 

"^Tiile the proportion behveen static and d 3 namic stiffness at rest 
is 1 : 2 in skeletal muscle it can amount to 1 : 16 in cardiac muscle. 
Viscosity, therefore, is of far more importance in cardiac than 
in skeletal muscle. An investigation of cardiac muscle with a 
frequency’ of 5 cycles per sec corresponds to an investigation of 
skeletal muscle at a much higher frequency, i. e. frequencies applied 
here pro^de more information on the dynamic properties in cardiac 
muscle than in skeletal muscle. Consolidation time has still, however, 
considerable influence. If frequency is increased from 8 to 13 by 
decreasing the mass of the oscillating system, stiffness increases by 
30 per cent. A further analysis of purely dynamic properties dis- 
regarding the influence of consolidation time would thus require 
still higher frequencies. 

Elasticity moduli at rest and during contraction. 

The elasticity moduli as function of cross-section loading have 
been calculated from stiffness and relative (fig. 26). Cross-sec- 

tion X length is regarded as being constant at rest and during contrac- 
tion at different degrees of stretch (constant volume). E-mnduli at low 
cross-section loading coincide for muscle at rest, uu»...g isometric 
and release contraction. With increasing load the moduli for resting 
muscle are higher than those during release contraction which in 
turn exceed values for the isc-metrically contracted fibre. In the 
example given in fig. 26, at cross-section loading 60, the elasticity 
modulus for the resting muscle is 50 and for release contraction 20 
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Fig. 26. Elasticity modulus of cardiac muscle as function of cross-section load. 

(1) resting fibre. 

(2) isomctrieally contracted fibre. 

( 3 ) release during contraction to the same tension as at rest. 

Load and elasticity moduli in arbitrary units. 


per cent higher than that for the isometrically contracted fibre. At 
.still higher loading the differences decrease. As mentioned before the 
moduli are not the best means of characterizing structural properties 
of highly elastic bodies. 

Absolute values of elasticity moduli in cardiac muscle. 

In a number of experiments apart from tension and stiffness the 
cross-section of the fibre was determined by the procedure descri- 
bed on page 32. Elasticity moduli were computed according to for- 
mula 10 page 30. In the resting fibre at equilibrium length they 
amount to 0.001 kg per mm^ and at maximal elongation to 0.01 
kg per mm2. These moduli arc denoted in the following by E- 
min and E-max respectively. IXTien transforming the values given in 
kg per mm2 to the c. g. s. system by multiplying by 981 • 105, 
we gel E-min = 0.0981 • 10® and E-max = 0.981 • 10®, or in round 
figures (0.1 and 1) • 10® dyne cm'2 respectively. The corresponding 
dynamic elasticity moduli are (0.8 and 10) • 10^ dyne cm-2. 
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In the following table a comparison is performed of static elasti- 
city moduli from skeletal muscle, cardiac muscle, myosin and caout- 
chouc.*) 


Table 3. 


Preparation 

Longitudinal elasti- 
city modulus in 
dynes X cm-® 

Author 

strips from ventricle wall . 

(0,03— 0,04) .108 

Wohlisch & Clamann 1936 

homogenous ventricular 



muscle bundle 

0,1.108 

Lundin 1944 

total skeletal muscle 

6.108 

E. Weber 1846 

1> 

9,4.108 

Wundt 1858 

11 1? • • * • • 

(0,1— 10).106 

Triepel 1902 

»> 11 ' 11 • . • • • 

(2,7— 3,9). 100 

Bouckaert a. o. 1930 

11 11 1? • • • • • 

(0,9— 1,7). 106 

Wohlisch a. o. 1927 

0,5 mm part of injured 



fibre 

(0,7— 2,8). 100 

Sichel 1934 

Non-injured single fibre . 

0,5.108 

Buchthal 1942 

Slightly vulcanized caout- 



chouc 

10.108 

K. H. Meyer 1940 

Caoutchouc not specified . 

5.106 

Wohlisch 1940 

Myosin thread 

20.108 

H. H. Weber 1934 


The majority of values give the E-moduli at equilibrium length. 
Elasticity moduli for cardiac muscle lie below those found for ske- 
letal muscle. If the elasticity moduli for cardiac muscle are compared 
with those found by Buchthal (1942) for m. semitendinosus, 
the latter are 5 times as high as the former. With the same tech- 
nique as used here, Buchthal found a dynamic stiffness in 
skeletal muscle of (0.81 + 0.11) • 10^ dyne cm-2 which coincides- 
with our value of 0.8 : 10® (stiffness at equilibrium length). Fre- 
quency, however, in Buchthal’s experiment is 5 while in ours it is 8 


*) In the table given by Buchthal (1942) the factor used for transfor- 
mation of the elasticity moduli in kg per mm® to the c, g. s. system is incorrect 
Therefore a new comparison is given here. 
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vibrnlions per sec. If ve reduce stiffness in cardiac muscle to tlie 
lower frequency used in skeletal muscle, the dynamic stiffness is 
likewise lower than that in skeletal muscle. 

Om experiments show the E-modulus to be 3 times higher than that 
found by Wohlisch and Cl am an n (1936) for strips of car- 
diac muscle and for the whole ventricle. This is valid for both E-min 
and E-max values, the latter being 10 times higher than E-min 
values. Tlie difference is too great to be due to errors in measuring 
methods. Wohlisch and C 1 a m a n n worked with strips of 
cardiac muscle several mm long and some mm2 in cross-section cut 
from tlie wall of the ventricle. Because of the different course of the 
muscle fibres within the ventricle wall in such a preparation, only 
part of the fibres, less than 50 per cent, go from end to end, the 
remainder may be more or less transverse to the longitudinal axis 
of the preparation. It is mainly the end-to-end fibres which deter- 
mine tension during extension of the fibre. Tension should thus be 
originated by a number of fibres with a cross-section less than 
half that of the preparation used. Wohlisch and C 1 a m a n n’s 
E-moduli arc at least 50 per cent too low. It is surprising that the 
elasticity moduli found by Wohlisch for the total ventricle and 
strips are identical. There are, however, a number of interfering 
factors difficult to control when determinations are made on the 
ventricle as a whole. 




Fig. 27. Damping constant as a function of length (mean eurve). 

(1) damping constant at rest 

(2) damping constant during isometric contraction. 

Abscissa: length of fibre (equilibrium length = 100). 

Ordinate; damping constant in arbitrary units. 


Experiments on viscosity 

Damping constant. 

The damping constant (P) was measured at a frequency of 8 — 12 
vibrations per second (method c. f. page 34). 

P as a function of length at rest: (1. fig. 27) At equilibrium length 
the damping constant is 12 dyne cm'^ sec and rises evenly with 
increasing length to reach about 30 at length 200. Stiffness in the 
experiments in question varies from 1000 — 10,000 djme cm*^. 

The damping constant as function of length in isometric contraction 
(2. fig. 27) lies considerably above the curve of resting muscle. 
At length 100 the damping constant is 4 times as high as at rest 
increasing up to length 160 — 170 where it is 2.5 times higher than 
at length 100 and 3.5 times higher than P at rest. At still higher 
lengths P during contraction decreases to become, at the maximal 
length attained, about equal to that at length 100, and twice the 
size of P in resting muscle at the same lengths. 




28. Damping constant as function of IcngUi (mean curve). 

(1) damping constant at rest. 

(2) damping constant during isometric contraction. 

(3) damping constant during release-contraction (release to the same tension 
as at rest). 

Abscissa: length of the fibre (equilibrium length = 100). 

Ordinate: damping constant in dyme cm-^ sec. 



Fig. 29. Damping constant as function of tension (mean curve). 

(1) damping constant at rest. 

(2) damping constant during isometric contraction. 

(3) damping constant during release-contraction (release to the same tension 
as at rest). 

Aliscitca; tension in arbitrary units. 

Ordinate; damping constant in arbitrary units. 
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The damping constant as function of length in release contraction 
(3. fig. 28) is somewhat lower than in isometric contraction when 
comparing at the same lengths, but it lies appreciably above the 
curve for the constant at rest, at equilibrium length being about 
1.5 — 2 times higher than that for the resting muscle. 

The damping constant as function of tension. When comparing 
rest and contraction, stiffness values were referred to the same ten- 
sion, as tension as such causes essential changes in stiffness. Similar 
considerations can be applied to determinations of damping constant. 
P is likewise influenced by tension and if we want to know the influ- 
ence of contraction proper, rest and contraction must be referred to 
the same tension. As stiffness and tension are proportional the stiff- 
ness damping diagrams will also be proportional. At slight tensions 
the proportion between P in isometric contraction and P at rest is 
2 : 1. With increasing tension it rises to 3 : 1. At still higher tension 
the difference between isometric contraction and rest becomes less 
and amounts to 2 : 1 at the maximum. 

The damping constants of release contractions coincide with those 
for isometric contractions when compared at the same tension. When 
tension is zero P for release contraction is 1.5 times higher than 
that at rest. 


Proportion between elastic and viscous stiffness. 

Viscous stiffness is calculated from the product of the damping 
constant and angular velocity (formula 5 page 35). The elastic- 
resistance is determined by pure elasticity (stg) and by viscosity 
(sty). The damping constant is only a relative measure of the 
viscous forces present in the system. In the following the viscous 
stiffness and its contribution to total stiffness is accounted for, giving 
us a gauge of the non-elastic resistance at the different frequencies 
examined. At rest and equilibrium length the proportion between stg 
and sty is 4. At maximal lengths it increases to 12 — 15. Elastic 
stiffness as function of length in contraction corresponds to the 
curve of viscous stiffness up to length 170 — 180 i, e. slg : sty =4:1. 
Above this length the proportion increases reaching 10 at maximal 
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Fip. 30, Elastic (st^) and viscous (sty) stiffness in cardiac muscle as function 
of lenpth. 

(1) lenpth • stg diagram at rest. 

(2) lenpth - stp diagram during isometric contraction. 
f3) lenpth - sty diagram at rest, 

(4) length - sty diagram during isometric contraction. 


Jenglhs and the curves for sty in contraction and rest approach each 
other. 

The effect of frequency and tension on damping at the same 
length is determined by varying the mass of the oscillating system 
and with it frequency (formula 1 page 29). In one series frequency 
is 7 — 8 cycles per sec in the other 12 — 13 cycles per sec, being 
thus 60 per cent higher in the latter case. Damping decreases on the 
average about 25 per cent with this increase in frequency, while 
stiffness increases correspondingly. 

The above facts show that there is a certain relation between ten- 
sion and damping; the same damping constant is found at the same 
tension irrespective of whether the latter is originated by isometric 
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or release contraction. On the other hand, both during isometric 
and release contraction, the damping constant lies considerably above 
values found in the resting fibre when referred to the same tension. 
This difference indicates that the contribution of the contractile 
processes to damping is much larger than that of the increase in 
tension. 

As previously mentioned a considerable time has to elapse after 
stretch of cardiac muscle before it is consolidated and suitable for 
further experiments. The long consolidation period indicates that 
viscosity is not evenly distributed over the whole muscle e. g. shunt- 
ed to elasticity, as then only an instantaneous increase in extra-ten- 
sion would be found during extension proper, which would disappear 
immediately after extension, and tension would establish itself on a 
new static level. Experiments with different vibration frequen- 
cies resulting in falling damping with rising frequency indicate that 
a great part of the viscosity lies in series with the elastic elements 
of muscle. Viscosities lying in parallel with the elastic elements 
should give equal damping constants when different frequencies are 
applied. 

When damping constant in cardiac muscle is compared with that 
of skeletal muscle no essential differences are found for the resting 
fibre, while during isometric contraction and release contraction the 
increase of damping constant with increasing length reaches a maxi- 
mal value much earlier in skeletal than in cardiac muscle. Already 
at length 100 maximal values for P are found in skeletal muscle. It 
is noticeable that at lengths where damping constants have their 
maximum, extra-tension both for skeletal and cardiac muscle attains 
its highest value. 


Elastic after-effect. 

Like damping, elastic after-effect is an expression of viscosity. 
It has therefore been studied partly in experiments with rapid elonga- 
tions, partly in stretch experiments of long duration. 

Experiments with rapid elongations at rest show that immediately 
after stretch tension falls rapidly in less than 0.05 seconds to 30 — 40 
per cent of the initial tension at length 100 (I, fig. 31). At higher 
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Fip. .31. Course of con-^olidation after rapid stretches of cardiac muscle at dif- 
ferent lengths. 

1. stretch from length 100 to 120. 

If „ 140 to 160. 

III. „ ,. 180 to 200. 

Ahscissa: time in see. 

Ordinate; tension in arhitrarj' units. 


elongations (length 380) (III, fig. 31) the fall in tension amounts 
to only 20 — 30 per cent of the initial tension. For the following 
0.1 — 0.2 seconds the gradient of tension decrease is less steep and 
hccomes still less so in the following time period. The fall in ten- 
sion is not consolidated in the minute the experiment lasts. When 
compared with initial tension the gradient of tension decrease is 
less, the higher the elongation. 

During contraction just as at rest sudden elongations after a ten- 
sion increase show a rapidly falling tension. The consolidation course 
c.nn here he followed only with difficulty as the contraction tension 
of the muscle lasts only a short time, and changes in contraction 
tension inlerfcr'c with the fall in tension due to consolidation. One 
second after elongation, however, tension reaches a value conside- 
rably above that for the isometric maxima at the lengths in question, 
thus indicating that consolidation is far from finished. Just as in 
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elongation of the resting fibre increase in tension is steeper, the 
higher the initial lengths. 

Consolidation course after elongation observed during a longer 
period. 

Experiments •nath rapid stretch at rest and during contraction 
show that consolidation is not complete after an observation period 
of 1 min. ^Tien observations are continued over a longer period 
consolidation is still incomplete after several hours. This consolida- 
tion course, like the initial course, can be divided into several expo- 
nential curves. Measurement of consolidation begins about 20 seconds 
after elongation so that here observations start at the third phase of 
consolidation registered at rapid elongations. This first relatively 
rapid relaxation lasts up to 10 minutes, after which comes the next 
phase lasting about half-an-hour and then the last unfinished phase 
which still goes on for 2 — 4- hours when the experiment cannot be 
continued for other reasons. 

The fall in tension in the different experiments can amount to 
more than 80 per cent of initial tension up to length 150. At higher 
elongations the decrease in tension is relatively higher, being more 
than 90 per cent of initial tension. In the last case the slow consoli- 
dation process contributes relatively more to relaxation. 

Relaxation of the resting and contracting muscle also gives in- 
formation on viscous conditions. It shows that, as already mentioned 
in length-tension experiments, the fall in tension is similar during 
rest and contraction and, as in stretch experiments, changes in ten- 
sion are steeper at greater initial lengths. It also shows that there 
is no elastic locking in cardiac muscle, the curves in question being 
caused by consolidation. 


Comparison between viscous stiffness in skeletal and 
cardiac muscle. 

A comparison of skeletal and cardiac muscle is seen in Table 4. 
For skeletal muscle in a range of stretch 100 — 200 at rest, stg ; sty 
varies between 2 and 8. For cardiac muscle the variation lies between 
4 and 15. Apart from the fact that frequency enters the calculation 
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Table 4. 

Rest Contraction 



stg : 

stv 

stg ; 

stv 

Equilibrium 

High 

Equilibrium 

High 

Skeletal muscle, frequen- 
cy 5 cycles per sec. 

length 

elongation 

length 

elongation 

(Buchthal 1942) 

2.2 

8 

6 

8 

Cardiac muscle, uncor- 
rected, frequency 10 cyc- 
les per sec. 

4 

15 

4 

10 

Cardiac muscle, correc- 
ted to frequency 5 cyc- 
les per sec. 

2 

8 

2 

5 


of viscous stiffness, it must be remembered that stiffness as well 
as damping constant is dependent on frequency, and viscous dam* 
ping must be regarded as placed in series with elasticity. The value 
for skeletal muscle is derived from experiments with a frequency of 
5 cycles per sec while that for cardiac muscle from experiments 
^vith a frequency of 10 cycles per sec. A direct comparison is thus 
impossible without knowing the dependence of stiffness on frequency. 
The relatively high viscous stiffness in skeletal muscle can however be 
explained as being due to the different frequency applied. As re- 
gards the consolidation experiment it is surprising that no essenti- 
ally greater damping constant is found for cardiac than for skeletal 
muscle. 

From the above we can conclude that frequency dependence of 
stiffness is more pronounced in cardiac than in skeletal muscle. 
The difference between static and dynamic stiffness is much higher 
in cardiac than in skeletal muscle. Both react similarly as regards 
the rapid consolidation course while over the longer consolidation 
period the viscosity of the heart is considerably greater. Wliile there 
is conformity between skeletal and cardiac muscle at 5 — 10 cycles 
per sec, semi-dynamic frequencies show essential deviations which 
may be of importance for the function of the heart. 
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If viscosity in cardiac and skeletal muscle is compared during 
contraction it is seen to be higher in both cases than at rest. Vis- 
cosity in release contraction in cardiac muscle coincides with vis- 
cosity for isometric contractions w'hen compared at the same tension. 
In contrast to this, damping in release contraction in skeletal muscle 
is higher than that in isometric contraction. This result emphasizes 
that there is no principle difference between isometric and release 
contraction in cardiac muscle, a difference which is pronounced in 
skeletal muscle and which is due to the elastic locking mentioned 
above. 

A comparison between stg and sty for skeletal and cardiac muscle 
corrected to the same frequency shows that viscous resistance affects 
cardiac muscle more than skeletal muscle during contraction, while 
there is no essential difference at rest. 


Excitability during consolidation of cardiac muscle. 

Following rapid stretch it is often found that, after the initial 
increase and following rapid fall in tension, the muscle goes into 
strong contraction which persists and corresponds to a contracture- 
like condition (fig. 32). After some time weak spontaneous con- 
tractions of short duration can be superposed on this ’’contracture” 
resembling the flat peaks of normal contractions (IV. fig. 
32). The curves remind us of Otto Frank’s ’’Gruppenbildungen 
und tonusarligen Contraktionen” (1898) which appeared after sudden 
increase in pressure in the ventricle. 

After e.\tcnsion of the muscle to high length (180 — 200) a fall 
in tension occurs which is relatively slow for several minutes. In this 
period the muscle is refractor)’ even for strong stimuli. During con- 
solidation the muscle regains its excitability when it reaches a cer- 
tain tension level which varies with initial stretch. The return of 
excitability is accompanied by a rather striking change in gradient 
of consolidation course. Both return of excitability and the rapid 
tension fall indicate that a characteristic change in the fibre occurs 
at this moment. This course of consolidation has been obser\'ed at 
sudden stretches as well as at elongations of longer duration. In 
terms of B u c h t h a I’s molecular interpretation the disappearance 
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Fig. 32. Elongation of fibre followed by a contracture-like condition. 

I. stretch from short length. 

11. „ „ medium „ 

III and IV stretch from high length (IV shows superposed small spontaneous 
contractions.). 

of excitability can be explained by the extreme straightening out 
of the contractile substance which prevents initiation and propaga- 
tion of contraction over the minute • structure element. When the 
contractile elements have attained a lower tension during consolida- 
tion, the result is a smaller mutual distance of the molecule links and 
contraction can be brought about. It may be mentioned that contrac- 
tion tension cannot exceed the critical tension at which excitability 
returns (see IV fig. 32). Thus the strength of contraction extra- 
tension increases as the resting tension falls during consolidation, 
so that contraction extra-tension and tension at rest have the same 
top limit throughout. Consolidation can be accelerated if the muscle 
is allowed to contract. 

The physiological importance of viscosity. 

The high viscosity of cardiac muscle causes an abrupt fall in ten- 
sion with release and a strong increase in tension with rapid stretches. 
The latter implies that the resistance of the muscle to rapid changes 
in length is considerable and, from many points of view, is an im- 
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Fig. 33. Changes in heart volume due to shortening of the muscle fibre. 
Abscissa: length of fibre in arbitrary units. 

Ordinate: volumes at. different lengths, arbitrary units. 

Areas between vertical lines represent volumes ejected by respective shortening 
of the fibre. 


portant property. On the other hand can the fall in tension during 
release contraction he regarded as physiologically important? 

During systole the heart contracts isometrically in the beginning 
and the pressure curve rises steeply. When the valves open the 
rise in pressure continues for a short period. The muscle shortens 
and tension falls, following a curve with a gradient which lies near 
the length-tension curve for release contraction. This implies a grea- 
ter decrease in duration of the systole than would occur if the fall 
in tension were to follow the curve of isometric maxima. The 
shortening of the systole may mean an improvement in the efficiency 
of the heart. If the rate of shortening in muscle is considered con- 
stant it follows that, in the initial phase of ejection, more blood 
per time unit is driven out than in the later phase as the heart 
volume decreases in inverse proportion to the third power of 
the degree of stretch. Thus the stroke volume increases less than 
proportionally with the degree of shortening. When pulse frequency 
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falls proportionally with shortening length, minute volume, which 
is a product of pulse frequency and stroke volume, decreases with 
increasing stroke volume. The diagram in fig. 33 shows the changes 
in volume during contraction in cardiac muscle, the shape of the 
heart being simplified to a sphere. It can be seen from the diagram 
that, with a shortening from length 200—180, 7 units of blood are 
driven out. With shortening from length 180 — 160 a further 5 units 
are driven out i. e. 12 units in all. 20 per cent further shortening 
adds only 3.5 units. Table 5 shows shortening of muscle, pulse fre- 
quency, stroke volume and minute volume. 


Table 5. 


Shortening 

frequency 

stroke vol. 

min. vol. 

20 

6 

7 

42 

40 

3 

7 +5 =12 

36 

60 

2 

12 +3.5 = 15.5 

31 

80 

1.5 

15.5+2.5=18 

27 

100 

1.2 

18 +1.3=19.3 

24 


When supposing the proportional decrease of pulse frequency with 
increasing stroke volume it follows that the minute volume decreases 
with larger stroke volume. A relatively high pulse frequency caused 
by decreased shortening of cardiac muscle would thus be of advan- 
tage. The relation between pulse frequency and stroke volume is 
in reality more complicated than supposed here, ^rhere the effect 
of extra-cardial innervation is not taken into consideration. 

Theoretically high viscosity could also be of value in facilitating 
the diastolic blood flow from auricle and veins. Relaxation of the 
resting muscle follows a length-tension curve which in the main 
lies parallel with that of release contraction. This means that at the 
end of systole intraventricular pressure can be zero also at high de- 
grees of stretch (dilated heart). Thus in-flowing blood in the be- 
ginning meets less resistance and consequently runs in more quickly, 
i. e. total work during diastole becomes less. 

These properties become especially important in cardiac muscle 
with defects in aortic and pulmonary valves. Here an increased fre- 
quency is of value and steep fall of pressure facilitates a rapid 
filling from the auricle. 




Fig. 34. Tension as function of length in cardiac muscle with and without ace- 
tylcholine (10-“ g/ml). 

(1) length-tension diagram of the resting fibre with and without acetylcholine. 

(2) length-tension diagram of fibre during isometric contraction without ace- 
tylcholine. 

(3) length-tension diagram of fibre during isometric contraction after addition 
of acetylcholine. 

Abscissa: length of fibre (equilibrium length = 100). 

Ordinate: tension in mg. 


Eflfect of acetylcholine and adrenalin on the mecha- 
nical properties of cardiac muscle. 

The effect of acetylcholine and adrenalin on cardiac muscle has 
been the object of many investigations which have established that 
adrenalin increases and acetylcholine decreases the strength of con- 
traction. With the method applied here to an analysis of mechanical 
properties, we have attempted to obtain information on the changes 
within the contractile substance causing the variations in tension 
originated by acetylcholine and adrenalin. 

Length-tension diagrams (fig. 34 and 37) at rest show no diffe- 
rence whether adrenalin and acetylcholine are applied or not. Du- 






Fig. 35. Stiffness as function of length wth and without acetylcholine. 

(1) length-stiffness diagram of resting fibre with and without acetylcholine. 

(2) length-stiffness diagram of fibre during isometric contraction without ace- 
tylcholine. 

(3) length-stiffness diagram of fibre during isometric contraction after addition 
of acetylcholine. 



Fig. 36. Stiffness as function of tension in cardiac muscle with H H d 
and without o — o — o acetylcholine. 

(1) stiffness-tension diagram at rest with and without acetylcholine. 

(2) stiffness-tension during isometric contraction with and without acetylcholine. 
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Fig. 37. Tension and stiffness as function of length in cardiac muscle with and 
without adrenalin (10-'^ g/ml). 

(1) length-tension diagram at rest with and without adrenalin. 

(2) length-tension diagram during isometric contraction without adrenalin. 

(3) length-tension diagram during isometric contraction after addition of adre- 
nalin. 

(4) length-stiffness diagram at rest with and without adrenalin. 

(5) length-stiffness diagram during isometric contraction without adrenalin. 

(6) length-stiffness diagram during isometric contraction after addition of adre- 
nalin. 

Abscissa: length of the fibre (equilibrium length = 100). 

Ordinate: (to the left) stiffness in arbitrary units. 

Ordinate: (to the right) tension in arbitrary units. 


ring contraction, tension increases considerably with the addition of 
adrenalin (1 : 10'^ g/ml) in proportion to that in the normal muscle. 
The increase in extra-tension amounts to 30 — 40 per cent. After 
the addition of acetylcholine (1 — 5 : 10'^ g/ml) a corresponding de- 
crease in tension is found during contraction which amounts to 
about 50 per cent of the contraction extra-tension of normal muscle. 

Length-stiffness diagrams at rest after addition of adrenalin and 
acetylcholine are identical with those of normal muscle (fig. 35 and 
37). During contraction however, stiffness is much higher after the 
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Fig. 38. Stiffness as function of tension in cardiac muscle with +•= — I — d — 
and without o — o — o adrenalin. 

(1) stiffness-tension diagram at rest with and without adrenalin. 

(2) stiffness-tension diagram during isometric contraction with and without adre- 
nalin. 

addition of adrenalin and mucli lower after the addition of acetyl- 
choline than the corresponding stiffness in normal muscle. Here 
again the question arises as to whether this change in stiffness, ori- 
ginated by adrenalin and acetylcholine respectively, is due to tension 
or to other changes induced in the contractile material. The answer 
is found by comparing contraction tension with the same tension 
in the resting fibre i. e. in stiffness-tension diagrams. Stiffness-ten- 
sion diagrams at rest and during contraction coincide for muscles 
with and without drugs (fig. 36 and 38). 

Adrenalin and acetylcholine have thus no effect on the tension 
and stiffness in resting muscle. The so-called diastolic tension effect 
which among others was claimed to be caused by adrenalin (Eis- 
mayer and Quincke 1929,Ducret 1931) could not be obser- 
ved in the present experiments. 

Just as in normal muscle, stiffness investigations after application 
of adrenalin and acetylcholine have provided no evidence of struc- 
tural changes in muscle during contraction. In normal muscle damp- 
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Fig. 39. Damping constant as function of length in cardiac muscle with and 
without acetylcholine. 

(1) damping constant at rest with H h — + and without o — o — o acetylcholine. 

(2) damping constant during isometric contraction without acetylcholine. 

(3) damping constant during isometric contraction after addition of acetylcho- 
line. 

Abscissa: length of fibre (equilibrium length = 100). 

Ordinate: damping constant in dyne cm-i sec. 


ing undergoes characteristic changes which are due to the con- 
traction process itself. Tlierefore the damping constant tvas deter- 
mined after the application of adrenalin and acetylcholine respecti- 
vely. Damping constant at rest is identical for both normal and drug- 
ged muscles. As function of length during contraction it increases 
after application of adrenalin (fig. 41) and decreases after appli- 
cation of acetylcholine (fig. 39) compared with normal muscle. 
On the other hand damping as function of tension as tvell as of stiff- 
ness coincides for drugged and normal muscles (fig. 40 and 42). 

From the above experiments it is seen that adrenalin and acetyl- 
choline affect neither stiffness in proportion to tension nor the pro- 
portion stgisty. On the other hand, as is well known, acetylcholine 
decreases and adrenalin increases extra-tension and duration of con- 
tractions. 





Fig. 40. Damping constant as function of tension in cardiac muscle with 
+ — + — + and without o — o — o acetylcholine. 

(1) damping constant at rest with and without acetylcholine. 

(2> damping constant during isometric contracUon without acetylcholine. 

(3) damping constant during isometric contraction after addition of acetylcho- 
line. 

Abscissa: length of fibre (equilibrium length = 100). 

Ordinate: damping constant in dyne cm*^ sec. 



Fig. 41. Damping constant as function of length in cardiac muscle with o — o — o 
and without • — • — • adrenalin. 

(1) damping constant at rest without adrenalin. 

(2) damping constant at rest after addition of adrenalin. 

(3) damping constant during isometric contraction without adrenalin. 

(4) damping constant during isometric contraction after addition of adrenalin. 
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Fig. 42. Damping constant as function of tension in cardiac muscle with 
o — 0 — 0 and • — • — • without adrenalin. 

(1) damping constant at rest with and without adrenalin. 

(2) damping constant during isometric contraction with and without adrenalin. 


With regard to stiffness and viscosity this negative result indi- 
cates that mechanical properties of the contractile substance are not 
affected by the drugs mentioned. 

When a molecular interpretation of these results is attempted the 
negative findings indicate that the drugs do not affect tne single 
links of the molecular chains (angular forces) which would induce 
a change in stiffness besides that in tension. It is more probable that 
the substance in question affects only the terminal links of the con- 
tractile chains and thereby alters the number of active molecules. 
The very small amount of these drugs able to affect tension like- 
wise makes it more probable that not all links of molecule chains 
are evenly affected. 




Summary 

A modification of B u c h t h a I’s condensor myograph is used for 
registration of the changes in tension in a small bundle of cardiac 
muscle. A movable condensor plate alters its distance from a fixed 
condensor plate with increase of tension during contraction or with 
extension of the fibre. Changes in capacity are recorded by means 
of a high frequency arrangement with amplifier and electro-static 
oscillograph. The apparatus is also used to determine dynamic elasti- 
city in vibration experiments. 

The dependence of tension on length is investigated on muscle 
bundles containing few fibres only from the cardiac ventricle of a 
frog both in static and semi-dynamic experiments. 

The length-tension diagram of the resting fibre up to length 120 
rises somewhat more steeply than at further elongations. Tlie tension 
then increases gradually with length up to length 180 where there 
is a steeper increase. 

Total tension during isometric contraction (isometric maxima) 
shows a much steeper rise than tension at rest with increasing length 
up to length 170 — 200, after which tension at rest and during con- 
traction approach each other. The curves never intersect and no ’’in- 
difference point” is attained as in skeletal muscle. Irregularities in 
the curve of isometric maxima at higher elongations which could 
indicate processes comparable with yielding in skeletal muscle are 
not observed. 

Extra-tension during contraction increases with increasing length 
and attains a maximum at length 175 — 200 where it is 6 — 8 times 
higher than at equilibrium length. In skeletal muscle this maximum 
is often reached already at equilibrium length. 

Elongation and release during isometric contraction at a frequency 
of 0.5 cycles per sec give an increase in tension considerably above 
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that developed in the muscle stretched at rest and consolidated to 
the same length. 

Release of the isomctrically contracted muscle to the same tension 
as at rest (frequency 0.5 cycles per sec) shows a fall in tension con- 
siderably steeper than the curve of the isometric maxima. If the 
resting muscle is relaxed from the same initial length and stretched 
or relaxed to the same degree as during contraction a fall in tension 
is found which in the main is parallel with that of release of 
contraction. The similarity between the decrease in tension at rest 
and during contraction indicates that it is caused by incomplete con- 
solidation and not by elastic locking, which explains the irreversibility 
of the curve of isometric maxima in skeletal muscle. 

Length-tension diagrams of anisotropic (A) and isotropic (I) sub- 
stance are constructed from the length-tension diagram of the total 
fibre fA+I) and the proportion between the lengths of A and I. The 
length of A and I is determined by micro-photography at rest and 
during contraction. The length-tension diagram of I is much steeper 
than that of A. If the relative increase of A and I are compared with 
reference to their respective equilibrium lengths, I is seen to extend 
relatively more than A. Thus A is 30 per cent less extensible than I. 
In skeletal muscle I is 20 per cent less extensible than A. During 
contraction at about equilibrium length the A substance shortens 10 
per cent while the I substance extends 15 per cent. In all probability 
the I substance participates actively in the development of tension 
during contraction. For skeletal muscle the activity of I has been 
demonstrated by Buchthal in experiments which cannot be per- 
formed on cardiac muscle. 

Static and dynamic elasticity are investigated, the static from the 
gradient of the length-tension diagram, the dynamic in vibration 
experiments with a vibration frequency of 8 — 12 per sec. In highly 
elastic bodies besides elastic elements, viscosity is found shunting 
the elasticity. Static elasticity is a measure of pure elasticity plus 
elasticity shunted by viscosity. While elasticity moduli are used 
as an expression of elastic properties in isotropic bodies they are less 

suitable in highly elastic anisotropic bodies. Stiffness gives 

length j 

more correct information on the structural properties of the bodies 
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concerned. SUffj^e^s expressed in dyne cm-i is determined at rest, 
isometric contraction and release contraction. 

Stiffness in proportion to tension at rest shows a more gradual 
cour.«e at the start, caused by a mechanical straightening out of the 
fibre substance, after which it increases linearly in proportion to 
loading. 

During isometric contraction we have a similar course of stiffness 
with tension, and stiffness coincides witl\ stiffness at rest when refer- 
red to the same tension. 

Also in release contraction to the same tension as at rest, we find 
a stiffness coinciding with that in the isometrically contracting and 
resting muscle when referred to identical tension. 

In contracted cardiac muscle in contrast to skeletal muscle we 
find no degree of stretch where stiffness decreases suddenly, a pheno- 
monen caused by a sudden plastic increase of the equilibrium length, 
a so-called yielding. When fibre length is periodically altered with 
a frequency of 3 — 5 per sec, stiffness can be determined from the re- 
sulting change.s in tension. At the start of contraction stiffness rises 
more rapidly than tension; otherwise stiffness and tension are pro- 
portional and coincide with resting values. 

With a vibration frequency of about 10 oscillations per sec the 
mean proportion between dynamic and static stiffness at rest is 12 : 1. 
As tiic cun-e of the isometric maxima cannot be regarded with cer- 
tainty as reversible, static stiffness cannot be definitely determined. 
If wc suppose reversibility present, the proportion between static 
and dynamic stiffness is similar to that at rest. 

Absolute static elasticity moduli at rest are minimally 0.1 • 106 
(equilibrium length) and maximally 1.0 * 106 cm'2, the 

values in each case being 3 times more than those previously found. 
The dynamic moduli are at minimum 0.8 • 10® and at maximum 10 * 
106 tjync cm-". Thus dynamic elasticity at the vibration frequency 
in question is represented by only 10 per cent elastic elements in 
the fibre. 

Experiments with higher frequencies show that this is not an entire- 
ly dynamic value. To obtain this, vibration frequency must be con- 
siderably increased. 
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Viscosity in cardiac muscle expressed by the damping constant in 
the resting muscle increases evenly with increasing length and ten- 
sion, and at high stretch it is twice as high as at equilibrium length. 

The damping constant at equilibrium length during isometric con- 
traction is much higher than at rest and rises up to length 180 after 
which it decreases. Damping during contraction as function of ten- 
sion is likewise higher than at rest. The damping constants for the 
contracting fibre released to the same tension as at rest coincide with 
tlie constants for the isometrically contracting fibre at the same tension. 

Viscosity expressed as viscous stiffness (st^ = damp, constant X 
angular velocity) coincides as regards length and tension with the 
corresponding curves of the damping constants, sty in proportion to 
elastic stiffness (stg) at equilibrium length at rest and in isometric 
contraction is about 1 : 4, and at maximal length 1 : 15 and 1 : 10 at 
rest and in contraction respectively. Besides damping constant and 
viscous stiffness, elastic after-effects are a measure of viscosity in 
muscle. These are investigated by instantaneous elongations at rest 
and during contraction and are well marked in both cases. A closer 
analysis of the consolidation course can only be performed in res- 
ting muscle. At low elongations shortening during consolidation is 
60 — ^70 per cent of the initial increase in tension, at higher lengths 
attaining more than 90 per cent showing agreement with the propor- 
tion between dynamic and static stiffness. The consolidation course 
indicates that a great part of the viscosity is not distributed evenly 
in the muscle but lies in series with elastic elements. This is support- 
ed by experiments with different frequencies where the proportion 


— decreases with increasing frequency, 
stg 

The effect of adrenalin and acetylcholine on tension, stiffness and 
damping is investigated in the resting and contracting muscle. In the 
former no difference in elastic properties and viscosities is found 
between normal and drugged muscle. During contraction adrenalin 
causes a rise in tension, stiffness and damping when referred to the 
same length, but as function of tension, stiffness and damping coin- 
cide with that of normal fibres. Acetylcholine causes a corresponding 
decrease of tension, stiffness and viscosity. Here too there is no 
difference from normal muscle. 



84 


GUNXAil LUKDIN 


When comparing cardiac and skeletal muscle, contraction extra- 
tension attains its maximum much later in the former than in the 
latter. Yielding and locking are not found in cardiac muscle. The 
proportion of dynamic to static stiffness in cardiac muscle is many 
times that in skeletal muscle. Viscosity has a greater influence in 
cardiac than in skeletal muscle. The high viscosity in cardiac niuscle 
can be of importance in cardiac function as it shortens contraction 
and contributes to the filling of the, heart during diastole by facili- 
tating a low diastolic initial pressure. 
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INTRODUCTION 


The author’s studies on the coagulation of blood plasma form 
a continuation of the investigations performed by Dr. Albert 
Fischer on this subject. 

Dr. Fischer’s investigations were carried out under the im- 
pression of the widelj’^ divergent opinions of previous authors, 
as presented, for instance, in the ^e^dews by Oppenheimer {124) 
(1926), Wohlisch {172) (1929) and Howell (95) (1935). 

According to Fischer {73) (1935), the blood coagulation may 
be looked upon as a specific case of the protein denaturation, 
according to which conception thrombin acts as a denaturating 
enzyme. He is here in accordance with the opinion expressed 
by Wohlisch {174) (1936). On the whole, the views of Fischer 
{71) (1934) are founded on the so-called “classical theory of 
blood coagulation”, but he is aware of the inadequacy of this 
theory to explain all the facts obsersmd during investigation 
of the clotting process. In particular, the action of inhibitory 
substances, especially that of heparin, is not satisfactorily ex- 
plained by the classical theory, neither in its original form nor 
in its modification by Howell. The theory therefore has to 
be extended on this point, cf. Fischer {73) and Fischer (77). 
The same is the case vdth the so-called autocatalytic proceed- 
ing of the blood clotting, which also is not explained by the 
classical theory (Fischer {76)). 

Already in the work of Fischer the evaluation of the results 
obtained experimentally was made difficult by the confusion 
of the results of earlier authors and by their most contradic- 
tory opinions regarding the reaction mechanism. This draw- 
back was felt even more during my own earlier investigations 
which were reviewed previously {10) (1938) and {12) (1939). 
The only way of overcoming this difficulty was to investigate 
all the fundamental reactions of the clotting process, using the 
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ipolntcrl reaction components in as pure a state as practically 
possible. For this purpose it ivas necessary first to work out 
methods for the preparation and purification of the substances 
participating in the coagulation process. Already during the 
work of Fischer some investigations in this direction were 
begun especially concerning heparin (Schmitz & Fischer {141)), 
fibrinogen (Schmitz {140)) and thromboldnase (Fischer & 
Hecht (<Sf)). It was decided therefore to proceed along this 
line : first try to isolate and investigate everj- single component 
of the coagulation process, and then investigate the interaction 
between such isolated and purified components. It was felt 
that only in doing so a reliable foundation for the understand- 
ing of the blood coagulation might be laid doum. In this way 
investigations have been carried out concerning heparin, throm- 
bokinase (thromboplastin), fibrinogen, thrombin, antithrombin 
and prothrombin. Some of the results obtained so far have al- 
ready been published in different journals. Also some reviews 
of the results have been given, see for instance {11) (1938), 
(16) (1941), (19) (1942) and (18) (1942). 

It is not the purpose of the studies presented in the follow- 
ing to give a complete review of the blood coagulation in the 
light of recent investigations by various authors, but only to 
e.xtcnd and correlate the investigations carried out until now 
according to the above-mentioned plan. 

K.xcellent reviews of the blood clotting have been given in 
1929 and 1940 by Wohltsch (172, 173). TJierefore only a brief 
chaj)ter concerning the historical aspect of the clotting wdll 
be given. This will be followed bj’ a chapter bringing some 
studies concerning the activation of the clotting process, namely 
the formation of thrombin. The next chapter will deal with 
the action of thrombin on fibrinogen, and the last chapter con- 
tains studies on the inhibition of the clotting by different 
sub.stanccH. 



Chapter I. 

BKIEF REVIEW OF THE BLOOD COAGULATION 

The difficulties in investigating and understanding the blood 
coagulation are of no new date. As early as 1899 0. Hammar- 
STEK (89) said: “Die Lehre von der Faserstoffgerinnung hat 
leider schon gar zu viele unrichtige oder unbemesene Theorien 
aufzuweisen, und der Grund hierzu liegt zum grossen Teil darin, 
dass man aus richtigen Beobachtungen seine Schlussfolgerungen 
oft zu rasch und ohne geniigende Vorsicht gezogen hat.” 

The excellent comprehensive reviews by MoRA^VITZ (122) in 
1905, WOHLISCH (IT'S, 173) in 1929 and 1940 show that this 
statement by IL^aiJ£i\nsTEN in all the following years by no 
means lost its meaning, but they show also that the warning 
given by Haimmaesten was only to a small extent followed 
by the later authors. 

At a very earl}’- date the clotting of blood had draAvn the 
attention of scientists. But not till the end of the 19th centurj' 
did a real imderstanding of the comphcated mechanism develop, 
and only by passing through several mistakes it has been 
possible, now, to give a description of the blood coagulation 
which is founded on a rehable interjjretation of the experimen- 
tal facts. 

It has not been an easy task for nature to build up a fluid 
transportation medium which is able to circulate under a con- 
siderable pressure in a closed system, and which possesses the 
property of automatically repairing a possible leakage of the 
system produced by injiming the surrounding tissue. The solu- 
tion of this problem is now known to be no simple one, and the 
circulating blood in an organism is in this respect a very comph- 
cated system in which several different components interact in 
a balanced manner in order to reach this object. 
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A very long evolution lies behind the coagulation process as 
]uf?cnted by the blood of the higher organisms, and compara- 
tive studics'hnve revealed a very interesting development from 
the simple agglutination of blood cells in primitive organisms 
to the elaborate combination between agglutination and fibrin 
formation in higher organisms. Our knowledge of this evolution 
is almost exclusively due to investigations carried out by Leo 
Loeb and his co-workers. It has been reviewed recently by 
SiLBERBEiiG { 145 ) (1038) in a paper on the causes and mechan- 
isms of thrombosis. He summarises this section as follows: 
“These comiiarativc investigations have shown then, that during 
the phylogenetic evolution of animals two processes developed 
side by side by means of which the organism reacted against 
interferences with the vailous constituents of the blood or body 
fluids, namel}’: 7 ) an agglutination of cellular elements and 
2) a conversion of a colloid constituent of plasma, the fibrinogen, 
into coagulated fibrin. The first one of these two processes 
developed earliest; it is the only one existing in tlie more 
primitive organisms: in the higher organisms there was added 
to this the second one, the coagulation process. But even in 
the highest organisms the first, the agglutination process, per- 
sists and precedes coagulation. In invertebrates it is the amoe- 
bocytes. in the lower vertebrates the spindle cells and in mam- 
mals the bloodplates which primarily react by means of aggluti- 
nation, and all these cellular elements show a similar mode of 
reaction to certain environmental changes. These two processes, 
agglutination and coagulation, therefore represent coordinated 
j>rocessc.s, and while in lower organisms the former is present 
alone or is much predominating, in the higher classes of ani- 
mals the coagulation proce.ss becomes more and more accen- 
tuated.’' — 

It has been a difficult task to investigate and elucidate such 
a compliented clotting system and to reach a fairly reliable 
conception of the underlying reactions. Our modern conception 
of the blood coagulation has been reached by passing through 
three .‘^taecs. 
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First Period. 

After the discovery of fibrinogen by Dekis {59) (1859) (cfr. 
also the investigation carried out by Paxitm {127) in 1851), 
the first period ended in 1906 with the formulation of the so- 
called “classical scheme” for the blood coagulation. This period 
has been excellently reviewed by Moravtltz {122) in 1906. 

According to this “classical scheme” the coagulation proceeds 
in two phases as follows : 

First phase: Prothrombin-f-thrombokinase-|-Ca+-^ thrombin. 
Second phase: Thrombin -f fibrinogen -> fibrin. 

This conception is based on the discovery by Alexander 
S cmnDT of the coagulant substance thrombin, which is shoAvn 
later to be of enz 5 "matic character. Thrombin acts by converting 
the soluble protein fibrinogen, which is present in the blood 
plasma, into the insoluble fibrin. This reaction has especially 
been investigated in detail bj" 0. Hammarsten who has shown 
definitely that the presence of calcium ions is unnecessary for 
tins part of the reaction. 

That calcium salts must be present for the coagulation as 
a whole was first shoAvn by Arthus & Pages, who thus laid 
the foundation of the understanding of the first phase of the 
reaction, which was then formulated as described by Mora- 
wiTZ and Fuld & Spiro. According to these authors, thrombin 
is formed from an inactive precursor: prothrombin, present in 
blood plasma, by means of an activating substance called 
thrombokinase, resulting from the injured tissues or blood cells. 
Thrombokinase in conjunction with calcium ions converts pro- 
thrombin into thrombin. 

Second Period. 

When it is born in mind that the classical scheme for the 
coagulation was set forth as early as in 1904, and that it still 
forms the foundation of our understanding of the mechanism 
of clotting, one might expect that in the following time tlois 
scheme might have been definitely established and rmdergone 
fmther development. This, ho^vever, has been the case onlj' 
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to a small extent, ns it lias token about thirty years merely 
to obtain a general acceptance of the reactions as presented in 
the classical scheme. 

Tlie first difficulty ivas to determine the nature of the clot- 
ting-inducing tissue factor, in the preceding called thrombo- 
kinnse, by others called cytozym and by most American authors 
designated thromboplastin. Some investigators found this acti- 
vating substance in aqueous extract of tissues, while others 
found it in alcoholic extracts. The first group was of the opinion 
that it was a thermolabile substance. The latter group assumed 
it to bo a thermostable lipoidal substance resembling cephaline. 
In 1612, however, it was possible to come to an agreement be- 
tween these two groups, as it was established that the active 
substance consisted of an active lipoidal component bound to 
a protein (Bordet, Howell, Zak). 

An imjiortant delay was due, however, to the circumstance 
that the classical scheme was not completely accepted by the 
American authors, who until about 1935 founded their investi- 
gations on the two different theories proposed by Howell or 
:\IiLivS. Of the.se two theories Howell’s may be looked upon 
as a modification of the classical theory, as he operates with 
the same substances, and liis theory differs from the classical 
only in explaining the formation of thrombin. 

The most important feature of Howell’s theory is the role 
he a.scribes to the coagulation-inhibiting substances. These sub- 
stances, as will be seen from the scheme, are not directly in- 
cluded in the classical theory, still, they are by no means in 
contradiction hereto, and already Morawitz himself was aware 
of the cxi.stence of such substance.s, but took them to bo of 
minor importance only. Howell, however, is of the opinion 
that these substances play the principal role in tlie clotting 
process and assumes that prothrombin coupled wdth an inhibi- 
iory substance is present in plasma in a stabilised form. The 
tissue factor combines with the inhibitory substance and re- 
Ica.ses prothrombin in a free state, which under the action of 
calcium ions alone, undergoes activation te thrombin. 

Howell’s theory was greatly supported when he succeeded 
in isolating the coagulation-inhibiting substance Jieparin in a 
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very active state. In keeping with his theor3% he therefore 
assumes that the fluid state of the blood in the organism is 
due to the combination of prothrombin uith heparin, while 
the absence of intravascular coagulation after the classical 
theorj’ solety is due to lack of thromboldnase. 

It must be pointed out, however, that the coagulation- 
inhibiting substances maj' be included in the classical scheme 
bv only minor modifications. The classical scheme is concer- 
ned chiefh' uith dividing the processes into two phases, and 
the characterization of the reacting components, but speaks 
onlj’ little about the mechanism bj* which the interaction pro- 
ceeds. IMoraw'ITZ himself, however, was of the opinion that 
the tissue factor was an activating substance in its proper 
sense, wherefore he termed it lhrombokt7}ase. 

The thcorj- of Mills was quite different from the classical 
theorj^, as he resumes an older theor^^ according to which the 
tissue factor, which he terms “tissue fibrinogen”, reacts directly 
with fibrinogen to form fibrin. 

For European authors the conditions were still more con- 
fused. As Won Li son points out, the number of theories for the 
blood coagulation here exceeded the number of workers in the 
field, as some of the authors in the course of their investigations 
changed their views several times. 

In Europe, in this period, especiallj’ J. Bordet, J. Mellajtby 
and W0HLI.SCH based their works on the classical conception. 
Some of the other authors attached a chief importance to in- 
hibitorj'- substances, but most investigators presented their 
own new hj’pothesis, throwing the whole situation into a most 
serious confusion. This condition is clearlj’’ reflected in the 
reviews by Oppexheimer {J24) (1926) and Wohlisch {172) 
(1929). 

This confusion was due chieflj’ to the introduction of physi- 
cal chemistrj’^ and colloid chemistry’’ into the study of blood 
clotting. This, unfortunately, was done chieflj’^ by workers who 
were not sufficient!}^ familiar with the fundamental principles 
of these scientific branches, and who therefore made erroneous 
use of these principles, drawing premature or Avrong conclusions. 
Instead of using physical chemistry and colloid chemistry to 
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obtain a deeper understanding o£ the mechanism of clotting, 
based on the conclusions already draum from reliable experi- 
mental facts, most authors in this period used the neiv aspects 
Eim])ly to explain the whole blood clotting ns a result of only 
one single transformation. Earlier investigations and the re- 
sults of other authors were most often entirely neglected. 

Contributing to this unfortunate development was undoubt- 
edly the easy conversion of the liquid blood plasma (in the 
colloidal state of a sol) into the solid blood clot in the state of 
a gel. This transformation is apparently so easily performed and 
investigated that it seems possible for every one to draw his 
own conclusions about Avhat is happening, which of course does 
no harm when not published as the results of scientific investi- 
gations. The purely colloidal phenomenon of a sol-gel trans- 
formation has so fascinated the observers that they forgot 
that for the reaction mechanism itself the character of the 
resulting end-product is of no importance. An enzyme reaction 
is, as is well known, not characterized by the ph3^sicnl proper- 
ties of the end-products, but hy the chemical transformations 
proceeding during the reaction. 

Instead of bringing about a deeper understanding of the 
blood clotting, there resulted therefore a profound stagnation 
in this period with an abundance of the most contradictory 
theories regarding the clotting mechanism. Referring to this 
state of affairs Howell (93), as late as in 1935, saj's: “One .seeks 
in vain to reconcile these views or to reduce them to a common 
basis.” 


Third Period. 

At this juncture some American investigators published their 
studies. Smith, Warner & Brinkhous (J39) in 1934, Quick 
(J3I) and Eagle (62) in 1935. They rejected the original ideas 
of Mii.ls and adopted the principles of the classical .scheme as 
set forth hy Morauttz and denied also the role ascribed to 
the inhibitory substances by Howell. Soon afterwards Eer- 
Gvsoy (63, 66) also subscribed to the opinion of these authors. 
The American inve.stigations thus confirmed the conception.s 
nccf'pted b\' the leading European workers, and the pos.sibilitv 
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for a fruitful mutual influence was created. The further devel- 
opment, ho\Yever, has tn a great extent taken place in U. S. A., 
as the many years of confusion still hampers the work done 
in Europe. Thus it may be pointed out that Oppenheimer 
{125) (1939) and Byckeriioff (60) (1940) in their reviews on 
blood coagulation both are of the opinion that prothrombin is 
thrombin which is masked by combining with an inhibitory 
substance (heparin), a theory which shows some resemblance 
to the theorj’ of Howell. This assumption seems not to be 
in accordance with reality — a-s pointed out, for instance, hy 
WoHLisCH {173) in his excellent review in 1940. Wohlisch 
here draws the conclusion that since his review in 1929, the 
confusion has changed into a great deal of elucidation, and 
that it is now possible to base future investigations on a reliable 
foundation. 

According to the classical theory’ of blood coagulation as 
presented in the preceding we have to assume the following to 
happen when blood escapes from an injured blood vessel: 

From the injured blood cells, especially the platelets, and 
the surrounding tissue cells thrombokinase (thromboplastin) is 
released. By a reaction not fully known, ])rothrombin present 
in the blood plasma is now transformed to thrombin by the 
cooperation of calcium ions. Thrombin then converts the soluble 
fibrinogen into fibrin, which in the presence of the blood pro- 
teins forms a .sticky clot and thus together with the agglutinating 
platelets closes the leakage when the blood stream is not too 
vigorous. 

Unexpectedly the .study of blood coagulation has received a 
great stimulus from the vitamin research. The discovery by 
Hexrik Dam (see 55) of Yutamin K and the inability of the 
animal organism to build prothrombin without the presence of 
this vitamin aroused great intcre.st and placed the blood coagu- 
lation in the middle of events, as it was now not only of scienti- 
fic interest to investigate the clotting mechanism, but the re- 
sults could find direct practical use in the clinic. 

The rapidity with which shed blood clots is dependent on the 
velocity of thrombin formation, which again is dependent on 
the concentration of prothrombin in the plasma and the amount. 
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of thrombokinase (thromboplastin) released from the cells. In 
case of decreased prothrombin concentration, for instance in 
vitamin K deficiency and in liver injury, less thrombin will 
be fonned, and the formation will proceed more slowly. A 
bleeding tendency will thus develop for the organism in ques- 
tion. The determination of the prothrombin content of the 
blood is therefore of great importance, and since the discovery 
of vitamin K and its mode of action, the interest has centered 
about this question, and a large part of the papers published 
in recent years on blood clotting have been concerned with such 
problems. 

Already Hou'ELL (94) (1914) has tried to give a measure for 
the prothrombin content by determining the clotting time after 
the addition of the optimal amount of calcium chloride to 
o.xalated blood plasma. The time measured he called the “pro- 
thrombin time", as according to his theorjq calcium ions alone 
were necessary for the activation of prothrombin. He pays no 
regard to the varying content of thrombokinasc, and his method 
therefore yields unsatisfactory results. It was Quick (436, l3l) 
(1935) who later solved this problem by adding a surplus of 
thrombokinasc. By his method a measure for the prothrombin 
content is obtained bj* comparison with a diluted normal plasma. 
The method is highly suitable for clinical purposes, as it is 
easily carried out, but accurate determinations are not obtained 
ns, for one thing, the presence of inhibitory substances is not 
taken into consideration. 

Later many other methods for determination of the pro- 
thrombin content of the blood have been developed, but only 
three of these are based on new principles, while all the rest 
are modifications of the.«e four methods. The three new meth- 
ods are the following; 

After the method of Wap.xer, BRrsKHOus & Smith (466) 
(103G) prothrombin is first converted into thrombin, and the 
amount of thrombin formed is then determined by addition of 
a fibrinogen solution. After this method it is thus possible to 
investigate the two pha.ses of the coagulation separately and 
to bo sure that all the prothrombin is converted before the 
clotting takes place. The method is theoreticalh’- the most 
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satisfactory, but regard to the presence of inhibitory substance 
is paid only by diluting the plasma duriog the measurements. 

In the method of Daivi & Glavikd {56) (1938) heparin plasma 
is brought to clot in a definite time by the addition of thrombo- 
kinase. The amount of thrombokinase added is used as a measure 
for the prothrombin content, because the amount of thrombo- 
Idnase must be increased as the prothrombin content is decreased. 

Tsord ARSON {153) (1940) tries in his method to combioe 
the convenience of Quick’s method with the more exact method 
of Warner, Brinkhous & SmxH by using very dilute plasma 
solutions to wliich fibrinogen, thrombokinase and calcium 
chloride are added. With this method he has succeeded in de- 
monstrating an increase of prothrombin in blood during preg- 
nancy {152). 

Details of the different methods and their modifications are 
given in the dissertation of Thordarson {154) (1941) and in 
a paper by Plum & Larsen {130) (1941). 

While thus the immediate results of the discovery of vitamin 
K especially have concerned the measurement and investigation 
of prothrombin, also other fields of the blood coagulation have 
been investigated. Here mention is to be made of the studies 
on conversion of fibrinogen to fibrin by Wohlisch and co- 
workers. These investigations are reviewed thoroughly by 
Wohlisch {173) in 1940. In spite of numerous experiments it 
has not yet been possible to explain what is happening in this 
reaction. As mentioned already, Wohlisch and Fischer both 
assume the process to be a special case of a protein denaturation. 
But as the denaturation of proteins stiU forms an unsolved 
problem in biochemistry it is not possible from this to draw 
any definite conclusion about the fibrinogen-fibrin transfor- 
mation. 

Another question has also aroused great interest, namely the 
mvestigation of heparin and its actions. This interest is due 
to the probability of using heparin in practice as a prophylactic 
and therapeutic agent against thrombosis. The most important 
contributions have been made by Jorpes and co-workers. 
These questions together with the other problems will be 
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discussed in the following chapters, liowever, as they concern 
iny own investigations. 

Although the classical theory of blood coagulation forms a 
solid foundation for the understanding of the mechanism of 
clotting, it is nevertheless ver3’ imperfect and needs further 
development." Thus it saj’s nothing about the waj^’S in which 
the different components react with each other and the pro- 
perties of the substances taking part' in tlie reaction. For in- 
stance, nothing is said about what happens when prothrombin 
is converted into thrombin, and ver}’’ different opinions have 
therefore been expressed by various authors concerning tliis 
question. Such problems ma^* be solved only bj" attempts to 
isolate and purify every single component and study its pro- 
perties and reactions in the jiurified state. This principle has 
therefore been determining for the investigations to be presented 
in the following. 

Also on other points the classical scheme must be extended. 
It has been mentioned alreadj* that the inhibitor^^ substances 
must be incorjiorated in it. Further other reactions during the 
coagulation must find a place in the scheme too. This applies 
to the so-called autocatafytic reaction during the clotting. It 
is especially Howell and Fischer who have reported investi- 
gations in these directions and pointed out the inabilify of the 
clas.sical theorj' to explain all the experimental facts observed. 
Studic.s concerning these problems will also be mentioned in 
the following chapters. 



Chapter II. 

ACmATION OF THE COAGULATION 

Here “activation of the coagulation” means the sequence of 
reactions which ends in the conversion of the precursor pro- 
thrombin into the active blood-clotting enzyme thrombin. 

First will be discussed the properties and the action of the 
activating substance termed thrombokinase or thromboplastia, 
released from the platelets or the injured tissue cells. Then the 
properties of prothrombin and its transformation to thrombin 
will be dealt with. Further, the problems concerning the auto- 
catalytic reaction during blood clotting are taken into con- 
sideration. 


A. Properties and Action of Thrombokinase. 

In our studies on the tissue factor we have confirmed the 
experiences of earlier authors, according to which this substance 
is very unstable and cannot be purified by means of the usual 
methods (see for inst. Astbup & Dablikg {2i)). 

It is now known that thrombokinase consists of a hpoidal 
substance coupled to a protein, and in this manner it is possible 
to explain many of its properties, e.g., its solubUity in aqueous 
solution and the presence in alcoholic extracts of an active 
hpoidal substance. The protein moiety has not been investi- 
gated to any extent, but the investigations of Mills {120), 
lyiiLLS & Guest {121) and Fischek {72) concern also partially 
the protein component of the tissue factor isolated either from 
ox lung or from chicken muscle. The purification of the tissue 
factor and its sphtting into a protein and a hpoid part was 
also studied by Fischee {70). Later Fisohee & Hecht {SI) 
investigated the hpoidal substance alone (this time isolated 
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from pig bniin) and, contrary to the investigations of Howell 
and his pnpils and most other workers, they found that it is 
not identical with cephalin, as on purification its activity is 
decreased. This was later confirmed by Charles, Fisher & 
Scott (-57) and recently the same conclusion was drawn by 
Widenbauer & Reichel {J69). The propei'ties of the tissue 
factor isolated from different tissues (chicken) were also investi- 
gated by Fischer (75) and lung tissue was found to give the 
most potent e.xtract. Later such an extract of chicken lung 
was investigated by electrophoresis, Fischer & Herrmann (82). 

A great many investigations on the tissue factor have been 
carried out by various authors, but the results have so far not 
been very satisfactory, ns the substance has resisted anj’ thorough 
treatment (cf. Astrub & Darling {24)). 

The best known of its properties is the relation between the 
amount of tissue factor and the clotting time. Thus Fuld {84) 
(1002) and Fischer {74) (1935) investigated the clotting of 
avian plasma by the addition of avian thrombokinase, and for 
this relation Fischer found the following equation (1): 

!=/,•• o'- (1) 

in which t is the clotting time, c the amount of thrombokinase 
added, and Jc and a constants. 

This relation was already found by Barratt {41) (1934) and 
Kuoelmass {106) (1023) to be valid for the clotting of citrated 
and oxalated mammalian plasma with thrombin, and SIills 
{120) (1021) had found the same equation for the clotting of 
rccalcificd, oxalated plasma by addition of the tissue factor. 
The equation thus has a wide range of validity for the blood 
coagulation, but it mu.st be mentioned that it is purely eni])irical 
and says nothing about the reaction mechanism,^) 

It is often mentioned that the law of Sciiutz concerning 
enzymatic action is valid for the blood coagulation, but, as 

J) 111 .'in intert wine p.-ipcr jiiW received R. G. Lr.oi.nn (Helv. Cliim. Acta 2G, 
t.)12 tlOId)) di'icus'ics the kinetics of blood clottlnp, with special reference 
to the c(|untl()n mentioned nbovc. 



CHAPTER II 


26 


has already been pointed out (Astrup {9) (1938)), this is due 
to a misunderstanding of Schiitz’s law, which is also found in 
reviews on this subject, namety Hammarsteh (90) (1926), 
WoHLiscH (171) (1929) and Oppenheemer {126) (1939). 

It was Fuld (84) (1902) (cf. Stromberg {150) (1911) and 
Tsuicoo {157) (1925)) Avho first applied Schiitz’s law to the 
clotting of blood plasma. The question has later been treated 
in detail (Astrup {8) (1938)), and it is here pointed out that 
the original results obtained b 5 f Schutz {142) (1885) show that 
the amount of substance [P] (albumin) converted in a given 
time is proportional to the square root of the amount of enzyme 
[P] added. Schutz’s law may therefore be written as follows (2) : 

[P] = const. • )/[P] (2). 

In this equation the reaction time does not appear as a vari- 
able and so Schutz’s law cannot, of course, be used for the 
characterization of time relations. 

In blood clotting however, the reaction time t and the amount 
of active substance [P] added are the only measurable quantities, 
while the degree of reaction [P] is constant, and under such 
circumstances the original law of Schutz therefore is of no 
value. 

Equation (2) maj’’ be extended in the follovdng way (equa- 
tion (3)); 

[P] = const. • )/[P] -/(O (3) 

where f{t) expresses the unknown dependency of [P] on the 
reaction time t. When the reaction time is constant, /(<) is also 
constant, and the original law of Schutz is established again. 

In the extended equation (3) the amount of enzyme [P] 
(i.e. active substance) and the reaction time t depend in an 
unknown manner on each other. It is therefore necessarj'^ to 
know the relation between the amount of substrate converted 
[P] and the reaction time t. This relation cannot be calculated 
but must be found by experiments. On the basis of experiments 
by Sj6q\hst {146) (1896) on pepsin digestion, Arrhenius {3) 
(1907) determined this relation and extended Schutz’s law in 
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the folloM-ing manner (4) Avhich was also found by Schutz and 
HrrPERT {143) (1900). 

[P] = const. • ■ t (4). 

Equation (4) only expresses reciprocity between [E] and i 
and is not the law used by Fuld. The rule referred to b}^ Fuld 
as ScHUTz’s law can be formulated as folloAvs (5): 

^ = const. • (5)- 

On comparing equation (5) with equation (2) it appears 

evident that an incorrect use of [P] and - as interchangeable 

measures of reaction velocity has led to this misunderstanding 
of ScnijTz’s laAv. Later, however, Kuoelmass {105) (1923) 
used the extended equation (4) and discussed the reciprocity 
between the clotting time and the amoimt of active substance. 

In enzyme chemistry it is very common to use the amount 
of substrate converted as an arbitrary measure of reaction 
velocity, and the same applies to the reciprocal of the time 
used for a given reaction. The experimental conditions decide 
which alternative will be chosen in a given situation. Wlien 
the relation between the reaction time and the amount of sub- 
strate converted is not kno\ni, however, it is not permissible 
to use these measures as expressions for the reaction velocity 
of an enzymatic or chemical reaction, as only under certain 
circumstances the conditions for this will be satisfied. The 
question is dealt with especially by Bodahsky {44) (1937) who 
shows that a general confusion exists on this point in enzyme 
chcmistiy. 

Various other formulas have been tried by different authors 
(see AsTRirr (S)), but only equation (1) can bo used to any 
greater extent. For iwactical purposes it is easier to use it in 
the following logarithmic form where b = log k: 

log I — — a log c — b 

log c = - {—log t—b) 
a 


or 


( 6 ). 



• CHAPTER n 


27 


In this form the relation has been used by IMills {120) (1921) 
ior investigation of the properties of the tissue factor isolated 
from beef lung, and we have used it for the same purpose (Astrup 
& Darles’G {24) (1942)). A condition for using equation (6) 
for determination of the potency of a thromboldnase solution 
is that the value of a is constant during the experiments. It 
has already been pointed out (Astrup (^)) that the value of a 
is characteristic of the reacting system, as it only depends on 
the . experimental conditions — and neither on the amount of 
active substance added nor on the units used for the measure- 

r 

ment of the clotting time or the concentration of active substance. 

In our investigations we have confirmed the results of IMills 
so far. as they concern the applicabiht}’^ of the formula to the 
clotting of recalcified mammalian plasma by the addition of 
thrombokinase derived from lung. By plotting a graph with 
log c as abscissa and log t as ordinate, straight lines are obtained 
from which it is possible with reasonable accuracy to obtain 
a determination of the potency of the solution of thrombo- 
kinase used. Under the given experimental conditions the value 
of a was found for thromboldnase from beef lung and oxalated 
ox plasma to be 0.200. 

When a unit of thrombokinase (K.U.) is set as the amount 
of active substance which under the given experimental con- 
ditions "will clot 1 ml of recalcified oxalated ox plasma in 1 
minute, b is — 1.7782 (independent of a) and the folloAving 
general equation (7) is obtained, by means of which it is possible 
to calculate the strength of the solution of thrombokinase used 
from the determination of the clotting time in seconds. 

logc^-- {1.7782~log t) (7). 

a 

Due to the form of the equation it is only possible to make 
the estimations with a rather poor accuracj'^ (see Astrup & 
Darling {24)), but so far no better method is available. We 
have, for instance, used the equation for studying the in- 
activation by heating of a solution of thrombokinase from ox 
lung. 
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These studies have new been extended also to throinbokinase 
derived from ox brain. 

While for invest ications on prothrombiii. thrombokinnse 
from lung has been used by Smith, Warner &' Brinkhof.s 
(J39, IGG, 167) and Thoroarsox {153, 151), most- other investi- 
gator.s have used a thrombokinase derived from brain as de- 
scribed by QricK [131), as this factor seems to be more stable 
and more active than lung kinase. As stable and active pre- 
])aration.s of thrombokinase are necessary for tlie clinical deter- 
mination of the prothrombin content of blood, great interest 
has in recent years been paid in investigations on this substance, 
and many papers have appeared concerning its preparation 
and its properties, e.g. bj' Plum and Larsen {130). 

In his investigations Quick (131) shows that the shortest 
clotting time, the so-called “prothrombin time”, is increased 
when the “actirity" of the preparation is decreased. This in- 
dicates that the prothrombin time is not only dependent on 
the potency of the thrombokinase solution, but that some 
unknown properties of the solutions also must play a role in 
the clotting process. It follows that comparison of the strength 
of different solutions is impossible, while the properties of the 
preparations vary, not only in quantity but also in quality. 
Quick uses the prothrombin time as a means for expressing 
the activity of his thromboplastin solutions, but he is aware 
of the problem and says; “The degree of activity must not be 
confu.scd with thromboplastin content.” In our investigations 
on thromboplastin from ox lung wo found no indication of a 
qualitative difference in the action of the various preparations, 
as we always obtained curves corresponding to a value about 
0.200 for the exponent n in equation {]). By using thrombo- 
jdnstin from brain it was found, however, that this exponent 
could vary considerably, thus showing qualitative differences 
in the properties of the different preparations. It is difficult to 
explain how t hi.s altcrat ion in the reaction mechanism takes place. 

Based on the principles described by Quick (131) different 
methods were tried for the preparation of powerful products. 
The mo.st active preparations were obtained by the following 
procedure : 
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Preparation of thromboplastin {Q-9). 

A fresh ox brain is cleansed, blood and most of the membranes are removed. 
It is then passed once through a meat chopper and the mass is pressed through 
two layers of gauze. Of the pulp resulting, 100 g are added to 300 ml of salt 
solution (0.9 or 2.5 per cent NaCl) and 1 ml of 90 per cent phenol. The suspen- 
sion is then treated 24 — 48 hours in a ball mill, giving a very fine suspension, 
which is used as such or diluted with physiological saline. It may be kept for 
several months in the ice-box without decreasing so much in activity that it 
has to be discarded. 

Q-9.1: 10 ml of Q-9 is diluted to 25 ml and used as stock solution. 

Q-9.2: 75 ml of Q-9 is dried in thin layers under evacuation with an oil 
pump. Yield 5.1 g drj- substance. 1.0 g of Q-9.2 corresponds to 37 ml of Q-9.1. 

Q-9. 3: An amount of Q-9.2 is ground twice in a mortar with acetone. 
After filtering it is washed with acetone and dried in the air. The dry sub- 
stance is again ground thoroughly in the mortar. By this treatment an amount 
of lipoidal products is removed (cholesterol) and the thromboplastin is obtained 
as a fine pow'der. 

Dilutions are noiv made of these preparations and the clotting 
time measured in water-bath at 37° as described before (Astrup 
& Darling (24)) by placing one ml of oxalated ox plasma in 
a tube containing 0.10 ml of the thromboplastin solution in 
question and an optimal amount of calcium chloride solution. 
The plasma must not have been stored (at 0°) longer than three 
days if sufficient accuracy is to be obtained. Of Q-9.2 and 
Q-9. 3 an amount of the dry substance is extracted at 37° for 
half an hour with sufficient solution to give a suspension cor- 
responding to the content of the original suspension, and then 
centrifuged for one minute. From the results, the following 
curves are plotted. Fig. 1, where c is expressed in per cent of 
the original solution. 

From Fig. 1. it is seen that the points lie on straight lines 
with a sufficient accuracy, vdth the exception of the clotting 
times (about 19 seconds) obtained with the highest concentra- 
tions of Q-9.1. With such concentrations all prothombin is 
activated, giving the “protlirombin time”, which here is reached 
with Q-9.1 but not wdth Q-9.2 and Q-9.3. The slope of the 
straight lines is almost the same in all three cases, and a is 
determined to be about 0.27 wdth a slight tendency to increase 
for the treated preparations. The strength of the suspension 
may therefore be determined from the equation (7). 
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Due to the differences in the values of a for thromboplastin 
from lung and from brain it is not possible to compare such 
different products, but it is only possible to compare the three 
curves with each other. It is seen that the potency of the suspen- 
sions is greatly decreased by drjdng (Q-9.2) and further decreased 
by acetone treatment of the dried product (Q-9.3). The concen- 



Flp. 1. Action of ox brain Ihrombokinase on recalcifled oxalaled plasma. 
Q-y.l, undried; Q-9.2, dried in vacuo; and Q-9.3, dried in vacuo and treated 

with acetone. 

trated Q-9.3 gives a logarithm of the clotting time about 1.71 
and corresponds to log c = 1.G4 for Q-9.2 and log c = 0.40 for 
Q-9.1. where c is expressed in per cent. So the most concentrated 
suspension of Q-9.3 corresponds in strength to 44 per cent of 
Q-9.2 and only to 2,5 per cent of Q-9.1. By treating Q-9.1 as 
described, most of its potency is thus lost. 

It has already been mentioned that the preparations of 
thrombokinasc from brain are much more stable than the 
preparations from lung, and tliey also better stand treatment 
by various phj’sical and chemical means (drying and acetone 
treatment for instance). This probably is due to a lower content 
of enzymes and mucins in the brain product, 

A new lot {Q-I4) of thrombokinase is now prepared as Q-9 
and divided in two jiortions, of which one is left standing at 
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room temperature, and one is placed in the ice-box at 0°. After 
standing for three months they are compared -vsdth each other 
and ■with the original lot of Q-9, which is now eleven months 
old and most of the tirhe has been standing at 0°. 

Already in their appearances there are differences between 
the two lots of Q-14. The suspension of Q-14.2 which had been 



as Qa -f.-i -J.A- -i.r 2.0 io<ro 

Fig. 2. Action of ox brain thrombokinasc of different origin and under different 

treatment. 

standing at room temperature is coarser and precipitates in a 
short time, while Q-14.1 is still finely dispersed. The clear liquid 
standing over the precipitate is onlj’- shghtly colored in Q-14.1, 
while Q-14.2 shows a yellowish-brown color. Also the smell is 
different, and Q-14.2 smells a little putrefied. The measurements 
give the curves sho^vn in Fig. 2. The value of a is about 0.20, 
and the three curves may therefore be compared with each 
other with sufficient accuracy. It is worth while to notice that 
the slope for Q-9 now is decreased as compared with the test 
just mentioned, which may be due to the new' lot of plasma 
used. 

From Fig. 2 it is seen that the concentrated Q-9 corresponds 
to logo = 1.79 for Q-14.2 and log c = 1.19 for Q-14.1, equal 
to about 62 per cent of the potencj'^ of Q-14.2 and 15 per cent- 
of Q-14.1. Q-14.2 thus contains about 24 per cent of Q-14.1. 
It is further seen that by using Q-14.1 the prothrombin-time 
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of the plasma is found, although the suspension of thrombo- 
kinase is tliree months old. The curves show the great impor- 
tance of the temperature to the stability of the preparations. 
The clear liquid obtained by centrifuging is practically inactive. 
In this connection the brain thrombokinase differs from lung 
thrombokinase and also from the suspensions made from dried 



Fig. 3. Action of air-dried ox brain thrombokinase. 

preparations, where the products obtained stand a short centri- 
fuging. 

It has already been mentioned that with brain thrombo- 
kinase the exponent a showed variations from one experiment 
to another. This was not the case with lung thrombolunase. 
By using suspensions of untreated brain (ns in Q-9.1) the value 
of a was more equal to the value obtained vdth lung kinase, 
but by using dried preparations there was a greater variability, 
and as a rule a was considerably higher in those cases than 
usual. The variation thus seems to be dependent on the pro- 
perties of the preparation, but also the plasma has shorni its 
influence, and apparently to a greater extent against the dried 
preparations than against the preparations of untreated brain 
ti.ssue. So probably the constancy of a found during our studies 
on lung kinase may be explained in part as due to favorable 
experimental conditions. 

Example.s of the variation of a are described in the following. 
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Q-3.1: IVesh. ox brain is treated as described -under tbe pre- 
paration of Q-9, and the pressed mass is dried in thin layers 
on vertically placed glass plates at about 35-40 , and finely 
ground in a mortar. One g is treated with 10 ml of physiological 



Fig. 4. Action o{ dried (Q-7) and undried (Q-2.1) ox brain Ibrombokinase. 
A; Logarithmic curves. B: Direct curves. 


NaCl for half an hour at 37° and centrifuged for one minute. 
The solution gives the curve shown in Fig. 3, from which a is 
determined as 0.43. This is considerably higher than hitherto 
met tvith, which means that the dilution cannot be carried out 
so many times as usual during the measurements. 

Extraction of Q-3.1 with boiling acetone (Q-4) does not alter 
the value of a, but the potency is decreased to less than half 
of the potency of Q-3.1, which in itself is considerably less 


s 
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active than Q-9.1. On examination of the action of Q-3.1 and 
a preparation Q-2.1, prepared as Q-9.1, on the same plasma at 
the same time a is found for Q-3.1 to he 0.42 and for Q-2.1 to 
he 0.25. It is impossible to compare the activity of two such 
preparations, as dilution lowers the strength for Q-3.1 much 
more than the strength of Q-2.1 as measured hy their respective 
clotting times. The cause for this qualitative difference in their 
action is still unknovm. 

Another example is shown in Fig. 4. 

In this a sample of Q-2.1 is compared with the same product 
(Q-7) after drjdng in vacuo hy room temperature in a desicca- 
tor over concentrated sulphuric acid and solid NaOH. The 
dr 3 'ing was not carried out so rapidty as in Q-9.2. As seen from 
Fig. 4, there results a considerable increase in the value of a 
contrarj^ to what happened to Q-9.1 on drjdng. For Q-2.1 a 
is found to he about 0.18, which is lower than usual, for Q-7 a 
is 0.3S. For comparison Fig. 4 also shows some curves, where 
c and t are plotted instead of log c and log i. This gives the direct 
relation between c and t. 

As drj'ing is thus found \isually to cause not only a decrease 
in acti\nty of the product, hut also to alter the value for a.hy 
increasing it, indicating that the dried product cannot stand 
the same dilutions as the undried product, it is best to use an 
undried preparation for investigations, where an active throm- 
hokinase is to be used, for instance in the determination of 
the prothrombin content of blood. Of importance in this con- 
nection is also the fact that thromboldnase prepared from brain 
is practically free from prothrombin and therefore need not be 
heated to 60° for inactivation of prothrombin with a resulting 
considerable loss of potencjL Our preparations could not clot 
solutions of prothrombin-free fibrinogen, prepared as described 
by Astbitb & Darlexo {2G), by addition of calcium chloride. 

Precipitation with acetone or dr^dng decreases the activity 
of the brain thrombokinase, while the lung thrombokinase is 
almost completely destroj'od bj' such treatment. Also direct 
treatment of the brain pidp with acetone after Quick {135) 
gives some inactivation and a liighcr value for a, namely' for 
Q-J3 a ~ 0.30, rcsultin ,5 ^ limitation of the dilution interval. 
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Treatment A^ntb, alkaK and acid inactivates the thrombo- 
kinase. Table I shows an example of such an inactivation. 


Table I. 

To samples ol one ml ol Q-2.1 arc added varying amounts of 0.2-n N’aOH, 
and after standing for five minutes at room temperature the corresponding 
amount of HCl is added; then the volume is adjusted to 2 ml with water. 
The clotting times are determined as usual. The amount of thrombokinase 
units (K.U.) per ml is then calculated, using equation (7) and putting a — 0.20. 


y&ou 

ml 

t 

log t 

log 0 

K.U. 
per ml 


23.9 


1.999 

1000 


27.1 


1.726 

530 


29.5 

BilH 

1.542 

348 


37.8 


1.004 

101 

0.4 

- 48,4 

1.6849 

0.467 

29 

0.5 

56.8 

1,7544 

0.119 

13 


From Table I it is seen that the inactivation proceeds very 
rapidlj' with only relatively small amounts of sodium hydroxyde. 
The same is the case on eraplo 3 ^ment of acid. The pH obtained 
■was not measured. 

The influence of heating -was also investigated in the same 
manner as "was done "with lung thrombokinase bv Astrhp & 
Darling (24). Samples of thrombokinase "were heated in a 
■water-bath at different temperatures for a varying length of 
time. 

Fig. 5 shows some results obtained by using a preparation 
(Q-4) from dried and acetone-treated ox brain and by using a 
preparation (Q-9.1) of imtreated brain. The curves are obtained 
by calculating the concentration by means of the clotting time 
as usual and by using a = 0.33 for Q-4 and a = 0.20 for Q-9.1. 
Contrary to the curves obtained previously with ox lung throm- 
bokinase, no mcrease in the actiyity by heating is found. The 

two preparations seem to be influenced by heating about 
equalty. ® 

It may be mentioned that a difference in the quaUtative ac- 
tion of treated and untreated thrombokinase has been described 

S» 
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also by Pldm & Lakse?; {130) (1941), namely, by determination 
of the protlirombin time. 

B. Prothrombin and Its Conversion into Thrombin. 

The conversion of prothrombin into thrombin has been the 
object of numerous investigations, and many %ie'vvs have been 
expressed concerning its mechanism (see the reviews given by 
WoHLiscH {172, 173)). 

To solve tliis problem we have tried to isolate and purify 
prothrombin and thrombin in order to investigate their proper- 
ties in a pure state. So far we have only succeeded in devising 
a simple method for the preparation of thrombin in a relatively 
pure state, while it has not yet been possible to find a satis- 
factory' method for the preparation of purified prothrombin solu- 
tions. This seems to be due to a greater stability of thrombin and 
to some of its other properties, which make it easier to handle. 

Thrombin was prepared by combining the methods of J. Mel- 
mo-BV {110) (1909), {112) {1923) and BLEinxnEU {43) (1920) 
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and this work has been described in detail previously (Astettp 
& Darling {21, 22 1940, 1941)). 

The method is based on the fact discovered by IVIellanby 
(110), that by addition of acid to a diluted blood plasma a 
fibrinogen is precipitated which contains a large amount of 
the prothrombin present in the plasma. By dissolving the 
precipitate and adding calcium chloride and thrombokinase 
the fibrinogen is transformed into fibrin, and a solution con- 
taining thrombin is formed. This solution is precipitated with 
acetone, and a crude thrombin containing about 800-1000 
thrombin units (T.U.) per grain of substance is obtained. By 
treating this product vdth physiological saline and reprecipi- 
tation with acetone a preparation called thrombin B is obtained 
which contains about 10,000 T.U. per gram. A preparation of 
this kind was used for all our investigations where thrombin 
was used as a clotting agent — ^for instance in the investigation 
of antithrombin described in Chapter IV. Also its action in 
vivo has been studied, (Astrtjp & Volkert (37) (1943)) and it 
has been used as a hemostatic agent by Sels0 {14-i) (1943). 

A thrombin unit was first defined as the amount of active 
substance which would clot 1 ml of oxalated ox plasma in 30 
seconds at 37°, but later it was foimd that it was necessary to 
choose a standard preparation for comparison in order to avoid 
variations in the potency found, as the action was dependent 
on the conditions of the plasma used. Further it was found that 
a purified fibrinogen solution was more suitable for carrying 
out the measurements of thrombin activity, which have been 
described recently (Astrtjp & Darling {26)). 

The thrombin B could be further purified by ammonium 
sulphate precipitation and the active substance was found in 
the albumin fraction as it was not precipitated at half satu- 
ration. A still further purification was obtained by precipitation 
at pH 4.4 in salt-free solutions. This preparation was stdl im- 
pure and contained substances resulting from the thrombo- 
kinase added. By electrophoresis in the apparatus of Tiselius 
{155) at pH 7.2 it showed two components, the fastest being 
the thrombin. Thrombin thus carries a large electrical charge 
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nt neiitmi reaction avIu'cIi corresponds with its precipitnbility 
at pH 4.4. 

The tiirombin solution isolated by electrophoresis showed 
IS."!) T.U. per mg of nitrogen which means that one nig N in 
the form of thrombin (with an N content of about 14 per cent) 
u-iil clot 1330 ml of oxalated o.n; plasma in about 30 seconds. 
One mg of substance will thus clot about 200 ml plasma in 30 
.';econd.«, and in longer times it can clot even larger amounts 
of plasma. PIn.sma generally contains from 0.2 to 0.4 per cent 
of fibrinogen; correspondingly 200 ml plasma gives about COO 
mg fibrin, i.c. about GOO times the amoimt of tiirombin used 
for canying out the conversion to fibrin in lialf a minute. It 
seems therefore unlikely that thrombin is not an enz 5 mie, which 
has been assumed by several authors, while some have taken 
fibrin to be a chemical compound between thrombin and fibri- 
nogen. But thrombin jirescnts all the general properties of 
an enzyme. It thus acts in minute amounts in proportion to 
the substance acted upon. It is very tliermolabilo and is de- 
stroyed already by heating to oG° for 5 minutes. It may be 
partially recovered after the reaction when purified fibrinogen 
solutions are employed, since the fibrin formed adsorbs a part 
of it. In plasma, however, thrombin is inactivated due to the 
presence of antithrombic substances. Thrombin, therefore, must 
be considered an enzyme, and the conversion of fibrinogen to 
fibrin is an enzymatic reaction, namelj’^ an enzymatic, specific 
jirfitcin denaturatiou (WoitLiscii, Albert Fischer). 

Wc have also tried to isolate prothrombin from the solution 
of MELL.\XBy-fibrinogon before the addition of thrombokinase, 
but these experiments have not been ns successful as the corre- 
sponding experiments on purification of thrombin. These studies 
were published recently (Astrup & Darling {30) (1943)). It 
was not poasiblo b}' our method to prepare so stable and potent 
preparations as were prepared by Mellanby (7ii) (1930) and 
])y Skeoer.s, S.MiTH, Warner & Brinkiious {J3S) (1938) using 
more elaborate methods (cf. also Seeoer.s {J37) (1940)). Our 
preparation.s were contaminated vdtb proteolytic enzymes 
which cau.scd inactivation of the prothrombin solutions in a 
few hours, and which it was impossible to get rid of by any of 
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the methods tried. The problem 1ms already been discussed 
in detail in the paper mentioned. 

By using ammonium sulphate precipitation, however, we 
succeeded in showing that prothrombin belongs to the globulins, 
which is in accordance with the findings of other authors (cf. 
Geilvd.a {50) (192C) and Schmitz {140) (1933)). This is ver}-^ 
interesting as thrombin, according to our investigations, be- 
longs to the albumins. We demonstrated this both by isolating 
prothrombin and thrombin in a purified state and examining 
the products by making ammonium sulphate precipitation 
cun'cs. We further demonstrated the transformation directly 
by making ammonium sulphate preeijntation curves for a pro- 
thrombin solution before and after activation by thrombo- 
kinase and calcium chloride (Astrup & Darling {28)). 

As it was not possible to show the prc.scnce of phosphorus 
in the purified tluombin preparations, this substance cannot 
contain a phosi)hor-lipid from the thrombokinase as an inte- 
grating port. Thrombin, therefore, cannot be a combination 
between j)rothrombin and thrombokinase — as set forth by 
several authors. While prothrombin did not pass through the 
dialysing membranes used (cellophane casings), thrombin slowly 
passed through and could be demonstrated by its clotting 
ability. 

Its molecule therefore i.s a smaller one than the prothrombin 
molecule. This is in accordance with the projjcrties of thrombin, 
as an albumin, and prothrombin as a globulin. According to 
the well-known investigations b3' Sveprerg and his co-workers 
(see SvEDBERG & Pedersen {151)) with the ultracentrifuge, 
the globulins generall^'^ show a molecular weight about 150000, 
while the albumins as a rule have onlj^ half of this. It is therefore 
conceivable that the thrombin, far from being a prothrombin 
comple.N, is formed bj’ a .splitting of the prothrombin molecule 
by the influence of thrombokinase and calcium ions. The con- 
version ma}' po.ssibly be looked upon ns a proteolytic splitting 
of an inactive globulin molecule (prothrombin) into one or more 
smaller active albumin molecules (thrombin). When more puri- 
fied and stable prothrombin preparations have been made it 
will be possible to solve this problem definitelj'. 
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The function of tlirombokinnse in converting prothrombin to 
tlirombin is still an unsolved problem, of Avhicli various \iews 
have been advanced by different authors. According to the 
original conception of J\IoKA^^^TZ, it is a cataljrtically acting 
substance, which does not participate stoichiometrically in the 
reaction. This opinion has been supported by several authors 
— e.g. Eagle (62) (1935) — but recent investigations by SIertz, 
Seegers & Smith (Jio) (1939) seem to show that there is a 
quantitative relationship between tlirombokinase, prothrombin 
and the amoimt of thrombin formed. The fate of thrombokinase 
in this case is unknown, as it cannot form part of the thrombin 
molecule, as alread}' pointed out. Our curves for the activation 
of prothrombin (Astritp & DARLnsG (30)), in which the pro- 
thrombin content was varied, indicate a reaction velocity de- 
])cndent only on the concentration of prothrombin, wliich may 
be due to the thrombokinase acting as an enzyme or to its 
jwcsence in a great excess. 

On comparison of the curves obtained by Plum & Larsen 
(130) by vnrjnng the prothrombin content and our curves on 
the variation of thromboldnase (Astrup & Darling (24)) the 
.same relationship is found, and this makes it probable that 
prothrombin and thrombokinase may act as two components 
taking equal part in the activation process. The question, how- 
ever, needs further investigation for its solution. 

C. The Auto catalytic Reaction. 

Several authors assume an autocatalytic reaction to take 
part in the clotting of blood, and some of the investigations 
concerning such a reaction have been discussed b^^ WoiiLiscir 
(173) in the light of recent work on blood clotting. He arrives 
nf the conclusion that an autocatalj'tic reaction may possibly 
])roeccd during the clotting, and that its character has not 
yet been demonstrated definitely. He further calls attention 
to the possibility of the proteolytic enzymes in blood and se- 
nim, which arc known to bo present in inactive form ns pro- 
enzymes in blood, as probably playing a role in this process. 

The accelerated formation of thrombin during the clotting 
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process was observed by several authors. First of all Arthtjs 
(4, 5) in 1901 made this observation, and soon Bordet & 
Gengou (45) (1904) confirmed it. The last-mentioned authors 
also showed that the reaction could be repeated by transfer 
of a small fraction of the clotting mixture to fresh plasma, but 
it was Fischer {76) who in 1935 showed that it was possible 
by using pure chicken plasma to repeat the process an infinite 
number of times and thus definitely showed that in the normal 
clotting of fresh plasma an autocatalytic reaction takes part. 
Many signs indicated that probably thrombin, formed through 
autocatalysis from prothrombin, was the cause of the auto- 
catal 3 d}ic process, and that thrombin thus corresponded to the 
two enzymes especially studied by Northrop {12S) and his 
co-workers, pepsin and trypsin, which are formed autocataly- 
ticaUj* from their precursors pepsinogen and tr 3 rpsinogen. 

A more thorough study of the question has shoAvn the reaction 
to be more complicated, however, and the whole problem has 
therefore been treated in detail (Astrup (45)), Here it vdll be 
dealt with but briefly. 

After the investigations bj^ Fischer {76), in which the accel- 
eration of the clotting process was observed and its autocata- 
lytic character realized, attempts were made to obtain curves 
for the increased formation of active substance (Astrup & 
Fischer {31)). From these it is evident that an accelerated 
reaction takes place. Further investigation (Astrup {8) (1938)) 
on the relationship between tlie clotting time of chicken plasma 
and thrombokinase or thrombin brought forth the possibility 
that it was thrombin which was formed autocatalytically from 
prothrombin and thus was the cause of this reaction, and it 
was jiossible under this assumption to derive equations which 
quahtativelj’’ expressed tlie relations observed. 

By subsequent investigation of each participating reaction 
separate!}' it was found, however, that thrombin is not formed 
autocatalytically from its precursor prothrombin (Astrup 
(45, 43)). In the experiments it was impossible to carry the 
reaction further by using a prothrombin solution vdth or with- 
out the presence of calcium ions, although such a solution by 
addition of minute amounts of thrombokinase yielded large 
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amounts of thrombin through an accelerated reaction. Also 
in plasma from which prothrombin was removed by treatment 
with tricalcium phosphate, or in which its activation was hin- 
dered by removing the calcium ions, for instance, bj' addition 
of potas.sium oxalate, sodium citrate or sodium fluoride, it was 
impossible to carrj’ the process further. The autocatalytic reac- 
tion proceeded only in fresh plasma, and it Avas hindered by 
addition of small amounts of acid. 

While from these experiments it is quite clear that neither 
the formation of thrombin nor the conversion of fibrinogen 
into fibrin is responsible for the autocatalytic reaction, it still 
is an open question what substance is the cause of this. The 
curves found for the thrombin formation corresponded to the 
curA^es for the conversion of fibrinogen into fibrin as obtained 
by different physical means, e.g., light absorption. These tivo 
processes, however, have nothing to do Avith each other, and 
proceed as separate reactions side by side. The thrombin is 
formed Avitliout connection AA-ith the fibrin formation, and the 
transformation of fibrinogen begins as soon as the first amount 
of thrombin has been formed and proceeds Avith an increasing 
velocity, Avhen the amount of thrombin is increased, but AA'ith- 
out any definite time relation to the thrombin formation, as 
they are separate processes. As the fibrin formation therefore 
is no direct measure for the thrombin formation, it cannot be 
used as a measure for this reaction, and the concordance of 
the tAA'o sets of curA’es is only incidental and due in part to the 
quite rapid reaction of fibrinogen in the presence of tlirombin 
and to the rather Ioaa" accuracy’ of the measurements of the 
thrombin formation. It Avas further shown that it AA-as possible 
on the assumption of a catalytic formation of thiombin to 
calculate the conA-crsion of prothrombin into thrombin, and 
that the curccs so obtained corresponded to both the curAms 
ex{)enmcntaliy found for the thrombin formation and the 
fibrin formation. The curA^es therefore are only formally in 
agreement AA-ith the experimentall}' obtained results, and they 
allow of no conclusion as to the reaction mechanism. It Avas 
also shoAvn that most of the earlier investigations concerning 
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the autocatalytic reaction were quite unsatisfactory in this 
respect and did not allow of any definite conclusions. 

The autocatalytic reaction in fresh plasma must therefore 
be due to a still unknoum process. Some findings indicate that 
it may be a conversion of a substance into an active thrombO' 
kinase which then activates prothrombin into thrombin. It 
seems to be well established that in plasma there occurs an 
activating substance in an inactive form, as a “prokinase” 
Avhich by different means maj^ undergo activation to a real 
thromhokinase (see the review bj' Wohlisch { 173 ) and Feissly 
{ 64 )). If this activation proceeds autocataljdically such a reac- 
tion vdll suffice to explain the observed facts. Some orientating 
experiments in this direction have been carried out, but as 
the substances in question seem to be verj’^ labile, a reliable 
method for their investigation lias not yet been found. 

For .one thing the conception is supported by the results of 
the following experiments; 

To 50 drops of normal chicken plasma are added 5 drops of 
a diluted chicken thrombokinase (an embryonic extract), so 
that the mixture clots in about 8 minutes at 37°. From such 
a clotting mixture 2 drops are transferred every minute to 5 
drops of fresh plasma, and the clotting time of this new sample 
is determined. This experiment wliich is the same as performed 
by Fischer (7d) gives decreasing clotting times, indicating an 
increasing amount of an active or activating substance. An 
example is shown in Table II. 


Table II. 


Time for removal of 
sample In minutes 

Clotting time ofter 
Dildition to fresh plnsma 
in minutes 

1 

24 

2 

21 

3 

18 

4 

15 

5 

10 

G 

3 

7 

0.5 

8 

(clotting.) 
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From Table II it is quite clear that the amount of an active 
substance is rapidly increased during the clotting process. If 
tliis substance is throinbin, it will be possible, for instance, to 
bring about coagulation of oxalated plasma with samples re- 
moved from the mixture. By trying this, however, it was found 
quite impossible to bring oxalated chicken plasma to clot by 
addition of samples removed from a clotting plasma. Even the, 
sample removed immediatelj' before clottmg, and which would 
clot fresh plasma in half a minute, showed no sign of coagulation 
in oxalated plasma in two hours. This is rather unexpected and 
shows decidedly that the active substance cannot be thrombin. 

The clotting of the original mixture occurred, as already 
mentioned, in about S minutes. This point of the coagulation 
is determined by the conversion of fibrinogen into fibrin and 
is thus onh' indirectly dependent on the amount of thrombin 
present and its formation. In the previous experiments (15) it 
was shown that at the clotting point only a minimal amount 
of thrombin had been formed, and that far larger amounts 
still appeared after the coagulation of the mixture had occurred. 

Obviously there is not sufficient thrombin, even in the sample 
removed just before clotting of the mixture, to bring about 
coagulation in the oxalated plasma, before the small amounts 
[)rcsent Imve been inactivated completclj" by the powerful 
antithrombin contained in plasma and serum, and which by a 
relatively .slow reaction in the course of several minutes is able 
to inactivate large amounts of thrombin (see the curve before, 
A.stiu'I’ (75) as Fig. 3, and also later in this work). This may 
explain the complete absence of coagulation in the samples 
whore otlierwi.'^o such clotting would have been expected. 

So it may be concluded that also by adding the samples 
removed from the mixture undergoing coagulation to normal 
(unoxalatcd) plasma, it cannot be the presence of large amounts 
of thrombin which induces a clotting in so short a time as half 
a minute. J he amounts of thrombin must be too small for that. 
It seems likely therefore that the ])rothrombin in the new 
plasma itself is undergoing activation after addition of the 
satnplc removed from the clotting mixture, and that the new- 
formed thrombin, in conjunction with the amounts added. 
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which of course also are still increasing in strength as the samples 
contain no oxalate, brings about Mic rapid coagulation. It is 
therefore not an active substance (thrombin) which induces the 
coagulation and is the cause of the autocatalytic reaction, but 
an acliiating substance, namely a substance Avliich can activate 
prothrombiti by converting it to thrombin, and wliich itself 
is present in plasma us an inactive precui*sor (prokinase) and 
inay be transformed autocatalyticnlly to the activating sub- 
stance (throinbokimu^e) during the clotting. Further investi- 
gation will be ncccssai*y before this jiroblem will be definitely 
solved, and according to orientating experiments this will be 
a difficult task due to the comjdcxity of the phenomena and 
the lability of the substances in question^). 

*) K. Laki, In a pnjxr Ju*;! received (Sdiw. mod. Wsdir. 7 ^, 1.1 (laid)), 
dnlms Ihc hol.ntion nt n jdncnia romponcnl rcspomilde tor tljc iiutor.nt.nlytic 
reaction (o prothroniliokinn^e). 



Chapter III. 

TEE CLOTTING PEOCESS 


This chapter deals with the mechanism of the clotting process 
proi)cr, i.c.. the conversion of fibrinogen to fibrin. 

In the first section (A) the action of thrombin on plasma 
and fibrinogen is discussed. Section B deals with the influence 
of the ionic strength on the action of thrombin on fibrinogen. 
In section C the species specificity of fibrinogen is investigated 
taking the ionic strength into consideration. In the last section 
some questions regarding the significance of the ionic strength 
to eir/ymatic reactions in general are discussed. 

A. The Action of Thrombin. 

The relation between the amount of thrombin and the clot- 
ting time of the fibrinogen-containing mixture is of special 
interest with a view to the measurement of the acti\dty of 
thi'ombin. .Several papers have been published, in which this 
relation has been discussed, but so far no definite accordance 
has been arrived at (cf. the reviews by WdilLiscil (172, 173). 
Most authors have found more or less proportionality between 
the atnojint of thrombin and the reciprocal of the clotting time 
—•.( j . Mixlanuv {110, 112), Bixidtreu {13), Quick {133), 
Gi.azko FKRor.sox {So) and Herbert {92). 

In our first investigations on thrombin (Astrut & Dareixg 
{2J, 22)) we used oxalated ox plasma for the determination of 
thrombin activity, as we found a sufficiently accurate direct 
proportionality between the amount of thrombin and the 
reciprocal of the clotting time, when the clotting time did not 
exceed 2 minutes. The determinations were carried out as 
follows: 
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Of the thrombin solution 0.10 ml is placed in our usual clot- 
ting tubes (SO mni in height and 15 mm in diameter). Of oxalated 
ox plasma, which is kept at about 0° by standing in ice water, 
1.0 ml is added to the thrombin solution by bloudng out the 
pipette, so that an immediate mixing of the contents is obtained, 
but unthout blowing so violently that foaming occurs. The tube 
is placed immediately in a water-bath at 37° and the clotting 
time is determined. By making determinations on different 
dilutions of the thrombin solutions and plotting the aiuomit 
of thrombin expressed in per cent of the original undiluted 
solution as ab.scissa and the reciprocal of the clotting time — 
expressed as reciprocal minutes: GO It, where t is the time in 
seconds — as ordinate, a sufficiently straight line passing through 
the zero point was obtained. 

Based on this, a ihromhin nnil (T.U.) was defined as the 
amount of active substance which, under the experimental 
conditions described, ^vill clot 1.0 ml of oxalated ox plasma 
in 30 seconds. 

L?iter, however, it was found that quite often it was im- 
possible to obtain a straight line in this manner, and this ques- 
tion was therefore investigated more thoroughly. 

The result of this investigation was that oxalated o.x plasma 
was unsuited for the determination of thrombin activity, as 
the curves obtained varied considerably with the specimen of 
plasma employed. It was therefore decided to purif3' fibrinogen 
and trv* it as a substrate for the measurements, and these 
experiments have been published recently (Astrttp & Dar- 
UXG {26)). B^^ removing prothrombin from ox plasma by ad- 
sorption with tricalcium phosphate and precipitation of the 
fibrinogen twice with ammonium sulphate, it was found that 
direct proportionalit}- could be obtained between the amount 
of thrombin and the reciprocal of the clotting time. 

However, the clotting of a purified fibrinogen solution is 
ver}- sensitive to different influences — e.g. salt concentration, 
pH, protein concentration — and hence it was not possible to 
define a thrombin unit based on a fibrinogen solution. 

It was necessarj' therefore to set up a standard for the throm- 
bin, and such a sample was chosen; and the potenej’- put at 
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12000 T.U. per gram of sulistance, which ivoiild give reasonable 
airrccmcnt vith our earlier estimations. All determinations of 
thrombin jiotency therefore are now carried out by comparison 
with a solution prepared from this standard substance. The 
measurements have been described already (Astrhf & Dar- 
LLYG { 26 )) and are carried out as follows: 

oO mg of the thrombin standard are dissolved in 15 ml of 
})hysioIogical NaCi solution with the addition of one drop of 
octyl alcohol. After standing for an hour under occasional 
stirring, it is centrifuged or filtered, and the resulting clear 
solution contains 40 thrombin units per ml. 

In the same manner, a suitable amount of a thrombin pre- 
paration, the strength of which is to be determined, is treated 
so as to give a solution with a strength comparable to the 
strength of the standard solution. 

Serial dilutions of these two solutions are then made from 
10 to 100 per cent of the original solutions by measuring suitable 
amounts (from 0.20 to l.SO ml) of the solutions in small tubes 
and filling up to 2.00 ml with physiological NaCl solution. 

The fibrinogen, as alrcadj' mentioned, is prepared from 
oxaiated ox plasma treated with tricalcium phosphate (Bordet 
jilasrna) by precipitating twice witii ammonium sulphate and 
dialyzing in cellophane casings. This stock solution is diluted 
in a .suitable manner with physiological sodium chloride solution 
and distilled water until 0.10 ml of the undiluted standard 
thrombin solution with addition of 1.0 ml of the fibrinogen solu- 
tion shows a clotting time of about 10 seconds. During the 
measurements the fibrinogen solution is kept in ice-water. 

The determination of the clotting times must be carried out 
with the utmo.st care, as only in this way is it possible to ob- 
tain a linear relationship. The clotting of the fibrinogen solution 
has not taken place when tlic first single threads of fibrin are 
formed, ns this point is highly dependent on the quality of the 
fibrinogen solution, due to its varying content of impurities. 
The clotting time is taken as the point of time when fibrin 
threads commence uniting to form a real congulum or to form 
larger thrcad.s or parliftles. The proceeding of the clotting varies 
somewhat from one fibrinogen .solution to another, but a.s a 
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rule it is not difficult to observe when this conversion takes 
place. This time is the only well-defined juncture of the clotting, 
as the coagulation proceeds without any other sharp border- 
lines between its beginning and end. With a fibrinogen solution 
of very good quality the whole solution clots at this moment, 
but most often the complete clotting takes place a considerable 
time after the agglutination of the fibrin threads begins. StUl, 
these differences between the properties of the fibrinogen 
solutions are of no importance to the determination of the 
strength of a thrombin solution. 

The clotting is earned out in a water-bath at 37°, and for 
good visibility it is necessary* to use a glass water-bath placed 
against a clear background (a v-indow), as othenvise it is im- 
possible to observe accurately the formation and agglutination 
of the fibrin threads. The tubes must be shaken regularly during 
the clotting, but violent and irregular shaldng must be avoided 
if reproducible measurements are to be obtained. 

In this manner the clotting time for all the thrombin dilutions 
is determined in seconds, taking the most potent solutions 
first. The dilution of the \inlvnown thrombin preparation and 
its corrcsiJonding solution of the standard are measured imme- 
diately after each other, and not all the dilutions of one of the 
solutions before all the dilutions of the other, in order to avoid 
as far as possible the influence of an eventual alteration of the 
verj' unstable diluted fibrinogen solution. 

Prom the clotting times t the value of GOji is calculated and 
the reciprocal minutes thus obtained are used as ordinates for 
the plotting of a cuiwe Avith the thrombin dilutions expressed 
in per cent of the concentrated solutions as abscissa. Tlie clot- 
ting times usually lie between 10 and 60 seconds, and the average 
A-alue of three determinations is used for the computation. 

Pig. 6 shows tAvo curves obtained in this manner. Of the 
unknown sample 75 rag Avas dissohmd in 15 ml of physiological 
NaCl solution. By preliminary determinations AAuth different 
solutions of a thrombin of unknoAAUi strength, an amount is 
determined that gives a potency of the resulting solution AAdiich 
lies in the neighbourhood of the strength of the standard solution, 
i.e. about 40 T.U. per ml. Such a solution is then used for the 
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final determination of the actiWty. It will be noticed that the 

points iie on straight lines: and by extrapolation it is found 

that 50 mg of the standard containing 12.0 T.U. per mg give a 

clotting time of 0.0 reciprocal minutes, vhile /o mg of the nev 

thrombin sohition give the value 7.4. The activity of the sample 

is then calculated as 

12 ' 7.4 *50 ^ ^ 

0.9 T.Ij. per mg. 

6.0 • 76 

It is vciy fortunate that thrombin in a dry state seems to bo 
a rather stable substance, so that it may be kept for a long 
time as a standard preparation. Should it deteriorate, methods 
are available for indirect checking of a new standard. Thus 
VoLKF.RT (160) (1043) has shown that one ml of citrated plasma 
(!;10) from normal rabbits on an average will inactivate 166 
units of thrombin. As there seem to be only slight deviations 
from this mean value it is possible indirectly in this manner 
to define a thrombin unit. 

Having now discu.ssocl the measurement of the action of 
tlirombin and its standardization, some examples of the action 
on different substrates will be presented. 

As already mentioned, most authors have found that the 
amount of thrombin is proportional with tlie reciprocal of the 
clotting time both of plasma and of fibrinogen solutions. Some 
niithors. liowcvcr. Imvc found no such relation. Thus in Chapter 
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Fig. 7. Relation between thrombin content and clotting time of ox plasma. 

II, section A, it Avas mentioned that the equation (1) used for 
the clotting means of thromboldnase vos used by Barratt 
(41) and Kugelmass (JOo) for expressing the action of throm- 
bin on citrated and oxalated mammalian plasma. 

As it iivas found that the reciprocity did not hold for plasma 
in our experiments, we have tried equation (1) and found it 
valid for this reaction. It is used in its logarithmic form (6). 

log c = - ( — log i — b) (6) 

a 

Tsvo examples (oxalated and citrated plasma) are shoAvn in 
Fig. 7. The value of a is respectively 0.62 and 0.75. 

A considerable number of such measurements were carried 
out with plasma treated in various ways (dilution, buffer addi- 
tion, adsorption, etc.). As a rule curves corresponding very well 
to equation (6) were obtained. The value of a was found be- 
tween 0.5 and 0.75. In case of reciprocity a would have been 
equal to om. 

Also fibrinogen solutions may give such results instead of 
reciprocity. This happens, for instance, with impure and deteri- 
orated solutions, especially when made from plasma not treated 
beforehand with adsorption. Ammonium sulphate precipitation 
gives also in this respect the most suitable fibrinogen, but onlj’- 
after two precipitations. Fibrinogen precipitated by dilution 
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Knd acidificfttion (MELL.\^-By fibrinogen) is unsuited for sten- 
dnrdization (examples are shown by Astrdp & Darltxg (26)) 
and do not give reciprocity but cun’es corresponding to equa- 
tion (G). In a paper just received double logarithmic curves 
corresponding to equation (6) were used by Jaques (.9.9) for 
the assay of thrombin. 


B. The Significance of pH and Ionic Strength 
to the Action of Thronibin. 

As is well knomi, the pH c^timum for an enzymatic reaction 
is in many cases a very constant value, and is commonly used 
for characterizing the enzyme in question. 

Tiirombin has also been investigated in this resjiect by dif- 
ferent authors (cf. Wohliscii (172, 173)). Most of them have 
found a weak acid reaction to give the greatest velocitj^ for the 
reaction between thrombin and plasma or fibrinogen. It must 
be pointed out that the optimum reaction of thrombin ma}' 
be different from the optimum reaction for the transformation 
of prothrombin into thrombin by moans of thrombokinase, and 
also from the clotting of blood plasma as a whole by thrombo- 
kinaso. in which process the activation of prothrombin and the 
action of thrombin participate at the same time. Only the 
.‘-eparato action of thrombin is investigated here. 

Tsuxoo (166) (1924), employing horse fibrinogen and phos- 
])hntc buffer, finds the reaction optimum between pH 0.4 and 
0.0, and with the same method Eagle (63) (1937) finds pH 
0.3-0. 7. Kuwashi.ma (107) (192.3), using phosphate-NaOH 
buffer after Clark, finds pH = C.G 

C'lU'T (61) (lt'3r>). however, obtains the best result at pH 7-8, 
He uses horse fibrinogen but docs not state his buffer solutions 
definitely (Michaoli.s buffer, Clark and Lubs buffer scale). Also 
Krar.i.MAHS (101, 106) (1923) using addition of acid or alkali 
find.s n pH optimum about 7.0. 

Hri)E>f,\.NX (07) (1940) u.ses ox fibrinogen and the following 
three buffer.^; phosphate buffer, diothylbarbiturate-acetate 
buffer after Micuaelis (117) and glycocol buffer. She find.s the 



CHAPTER m 


53 


pH optimum in the region from 6.5 to 9.0, in which only small 
differences in clotting time are observed. Her curves, however, 
show that the results found for phosphate buffer are distinctly 
more acid than those fotmd for the IVIichaelis buffer. 

For MgS 04 -plasma vdth addition of acetic acid or ammonia 
Dyckeehoff & Kheteh (61) (1936) find the optimum pH 
about 6.9. Glazko & Greenberg (87) (1940), using ox fibrin- 
ogen, find optimum between pH 6.0 and 8.0. 

In previous experiments (Astrup & Darling {25) (1942)) 
the relation between pH and thrombin action was investigated 
on fibrinogens from ox, horse, chicken and man. The pH opti- 
mum here ranged from pH 6.1 to pH 6.7 and was different for 
the various fibrinogens. This reminds of the action of pro- 
teolytic enzymes, for Avhich the optimum pH also to a certain 
degree is dependent on the nature of the substrate used. The 
experiments were carried out with fibrinogens precipitated af- 
ter AIellanby. 

Later it was shovm (Astrxjp & Darling (26) (1942)) that 
JIellanby fibrinogen was unsuitable for such measurements, 
and the whole subject was taken up for more thorough investi- 
gation. Here ammonium sulphate-precipitated fibrinogen and 
oxalated plasma were used; further, the salt concentration was 
varied. In these experiments new and unexpected reactions 
were disclosed, which AviU be presented below. Also the action 
on the different fibrinogens vdll again be dealt with. The results 
obtained have already been referred to in different reviews, 
thus in (16) and (19), and a short prehminary paper has been 
published (Astrup (17) (1942)). 

In our first experiments we also found shghtly acid reaction 
to be the best (25). But in trjdng to investigate the process 
in plasma, where the pH value was changed by the addition 
of acid, quite another result was obtained, as now the optimum 
value was found to be about pH 7.0-7. 5. The following examples 
wUl illustrate these findings. 

The determinations were carried out as described already. 
pH was measured, by employment of a quinhydrone electrode. 
An experiment with oxalated ox plasma and hydrochloric acid 
is described in Table III. 
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Table III. 


j 

f 

XsO ; 
fnJ i 

l-n net 
ml 

rii 

t 

ffX. 

60/t 

i 

20 * 

1.0 ■ 

0.0 

7.76 

14.6 


20 

0.0 1 

0.1 

7.39 

11.9 


20 

0,S * 

0.2 

7.06 

11.7 


20 

0." ; 

0.3 

6,75 

12.0 

5.0 

20 

o.G ; 

0.4 

6.43 

12.8 

4,7 

20 

0..’i j 

o.r, 

6.2.7 

16.8 

3.6 

20 

O.-t 1 

O.fi 

3.97 

29.8 

2.0 

20 

0.3 1 

0.7 

5.73 

67 

0.9 


The result is expressed graphically in Fig. 8. Other acids 
gave similar cun'cs. Fig. 8 also shovs a curs'e obtained with 
acetic acid in Bordet plasma from ox. Here the optimum is 
more sharj) and lic.s between pH 6.7 and 7.0, while with oxalatcd 
pln,snia it was found to be between pH 6.7 and 7.5. 



]'4’. K. Action of tliroinbln on ox pla^nin In relation to pH after addition of: 
Acetic :idd (A); ilydmcliinric acid (H); 0.2-in pliosphatc buffer (C); Uydro- 
ctiloric acid and 0.6-m sodium cld-'’-^'’- 
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Earlier we found for ox fibrinogen (Mellanby) and phosphate 
buffer pH 6.4 (25), Therefore to 5 ml of the Bordet plasma 
was added 6 ml of 0.2-m phosphate buffer, and the mixture 
was examined (Table IV and Fig. 8). 


Table IV. 


pH of 
mlitiirc 

t (mcAn) 
soc. 

60/t 

7.56 

38.3 

1.6 

7.37 

36.7 

1.6 

7.13 

36.6 

1.6 

6.83 

38.1 

1.6 

6.55 

33.5 

1.8 

G.35 

26.1 

2.3 

6.05 

20.1 

3.0 

5.81 

44 

1.4 


Also for plasma, tlien, the optimum is found at a more acid 
reaction on emplojanent of phosphate buffer than on addition 
of acid: in the cited case, pH 6.1 instead of pH about 7.0. From 
the results it is further evident that the activity of thrombin 
measured on plasma vith addition of acid is far greater than 
on plasma vdth addition of buffer (^vith the exception of the 
most acid reaction). The difference in dilution in the two ex- 
periments is in this respect of no importance, as in earlier ex- 
periments we have seen that the plasma on dilution vdth physio- 
logical saline changes its reactmty against thrombin but very 
slowl3’’; further, also other experiments with equal degree of 
dilution give the same result concerning the difference in pH 
optimum in the two cases. 

So the experiments of earlier authors are only apparently 
conflicting, as the results will differ according to the experi- 
mental conditions during the measurements, and the most acid 
reaction will evidently be found by using phosphate buffer. 

Now, it may be that the greater salt concentration in the 
experiments -with phosphate buffer influences the formation 
of fibrin, as it is well loiown that neutral salts wiU retard the 
clotting. Still, by adding a constant amount of 0.6-m NaCl, 
which is found to give about the same clotting time at neutral 
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reaction as 0.2-m phosphate buffer, the optimum pH is not 
changed in a more acid region (see Fig. 8), but all the deter- 
minations give definitely longer clotting times (= lesser activity 
expressed as 60/t) than the normal plasma uithout addition. 
So the phosphate buffer curve appears to result from a simul- 
taneous changing of the acidity and of the salt concentration. 

As is well known , the physicochemical properties of proteins 
in solutions are greatly dependent on the ionic strength of the 
solution due to their numerous electrical charges as high mole- 
cular ampholytes. In the transformation of fibrinogen to fibrin 
by means of thrombin all the components are proteins. It is 
possible, therefore, that this reaction shows a dependency on 
the ionic strength of the solution far exceeding what would 
be e.xpected for usual en7.3mmtic reactions. So far nothing 
definite on the significance of ionic strength to enzjTnatic 
reactions has been published bj* any author, although in a few 
in.stanccs the ionic strength has been kept constant during the 
reaction. This possibility of the ionic strength influencing the 
reaction wn.s therefore investigated. 

The ionic strength // of a solution is defined bj-^ equation (8) 

/< = -i ^ m • (8) 

in which ;a is the concentration of every single ion in question 
exprc.ased in moles per liter, and z is its charge (or valencj'). 
In thi.s manner not onlj* the salt concentration as such is taken 
into consideration but also the charge of the ions in question. 

In a phosphate buffer made, after Sobexsen, by mixing 
different amounts of equimolar concentrations of primarj' and 
secondary alkali phosphates, equal salt concentrations of the 
rc,sulting buffer solutions are obtained, but the ionic strength 
varie.s to a great extent ns the composition of the mixture and 
tiie pH value change. For practical purposes the ionic strength 
of tlie buffer solution may be calculated with sufficient accuracy 
by assuming the primarj’ and secondary- phosphate to be com- 
l)lctely dissociated, and putting the ion concentrations equal to 
the coneentration.s of the monophosphate and the bipliosphate 
ions. For the different mixtures the ionic strength may then 
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be calculated. For pure primary phosphate the ionic strength 
is found equal to the molarity, but for pure secondary phos- 
phate it is three times the molarity. For any mixture the ionic 
strength therefore is found as a sum of its content of primary 
phosphate and 3 times its content of secondar 3 ’- phosphate. The 
result maj* be recorded either in a table or, preferably, as a 
curve, and such a curve is shown in recent publications, Astrup 
(27, 19), where it is seen that as the pH changes, also the ionic 
strength changes considerabty, and as a buffer is alwaj^s used 
in a relatively large concentration in order to fuKil its function, 
the alterations in the ionic strength of the reaction mixture 
maj^ also be considerable. 

The investigation of the action of thrombin and fibrinogen 
was therefore continued vdth regard to the points set forth in 
the preceding, and it was found that the ionic strength is of 
utmost importance to this enzyme reaction, and that the differ- 
ence between the curves obtained so far is due to alterations 
in the ionic strength. The investigations were continued along 
different lines: 1) First the significance of the ionic strength 
for the reaction was studied bj" using different salts. 2) Then 
the ionic strength was held constant while the pH was changed 
b^’ diluting the buffer, "and the curv^es were compared -with the 
curves obtained with constant buffer concentration. 3) The pH 
was changed bj”- addition of acid, and the ionic strength by 
addition of neutral salts. All the different experimental series 
gave the same result concerning the significance of the ionic 
strength to the reaction in question. 


i. Employment of Different Salts. 

It is well known that neutral salts inhibit more or less the 
action of thrombin on fibrinogen (see, for instance, the review 
by WoHEiscH (173) and the paper by Weitnauer, Gruninq 
& WoHLiscH (168)). Several authors have investigated the 
relation between the salt concentration and the clotting time 
(cf. Glazko & Greexberg (57') and the references given there). 
Only on one occasion has the ionic strength been mentioned 
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r»s 

tn t]i\? coniioction. ntiuiely in the paper by Gi^-vzko & Gkekk- 
LKno 07 }, M-ho >:ny,- 

"L'j'ct. ^f’lutions of equivalent Jonic strength, the same degree ol 5n- 

tAlUicn v,-a\ obialntd with the oxalates, ferriej-anides and fcrrocyantdcs, but 
not s%ilh the salts of other anions. Therefore the Inhibiting effect of anions 
D not soifly a function of the ionic strength of the solutions. The effect of 
anions or. the second phase of coagulation is negligible for univalent Ions, and 
incre.-tscs strongly with the valency. Similarly, tbc effect of cations on coagula- 
tion was found to be negligible for ions of low valence, but increased markedly 
for those of higher valence." 

As will he shown, however, in contrast to Glazko & Greex- 
HERG, wc have found that tlie inhibitory action of neutral 
salt.s consistinc of low-charged ions depends solel}' on the ionic 
strength, with the exception of ion.s of specific protein-denatur- 
nting nature, such as Ag-^ and Cu’^+ ions. Bt” increasing the 

charge (Al**-* , FcGN ) these specific properties are increased, 

and the inhibition follows no longer the ionic strength. Wo tlius 
found that wliile the low-charged ions ns a rule net according 
to the ionic strength of the salt solution in question, -with in- 
creasing charge the specific properties of the ion species be- 
come more and more pronounced and abolish the direct relation 
to the ionic strength. 

First, several different salts were examined for ability to 
inhibit the thrombin action — in order to obtain information 
aliout their properties: either acting as neutral salts in general 
or possessing specific properties, making them unsuitable for 
our experiment.s. 

To 5 ml ox Bordcl-plasnia were added 5 ml of different salt 
.‘^olution.s, and the mixture was neutralized by addition of 1-n 
HCl or 2-n NnOH. The salt solutions here employed showed 
the calculated ionic strength /< = 0 . 6 , which— according to the 
orientating cxjicriments already cited — ^showed a considerable 
inhibition of thrombin activity, namely to about Va or ^ 4 - Tlie 
small amounts of acid or alkali used for neutralization are 
assumed not to be of any importance to the total salt concen- 
tration. One ml of the mixture is added to 0.1 ml of the throm- 
bin solution, and the clotting time is determined in the usual 
manner. The results arc given in Table V: 
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Table V. 


Salt 

Eolution 

SIoIaritT giving 
ft =0.6 

Clotting time 
sec* 

Remarks 

Physiol. NaCl 


9 


NaCl 


36 


K J 


>180 

(see later) 

Na2HP04 

0 .2-m 

27 


Naj citrate 

0 .1 -m 

26 


K„ oxalate 

0 .2-m 

33 


Li 2 S 04 

0 .2-m 

34 


CaCNOjh 

0 .2-m 

(— ) 

Precipitate 

BaCl, 

0 .2-m 

(-) 

Precipitate 

ZnS 04 

0.1 5-m 

(— ) 

Precipitate 

MgS 04 

0.15-m 

35 


MnS 04 

0.1 5-m 

(-) 

Precipitate 

AlClj 

0 .1-m 

(-) 

Precipitate 


0.04-m 

(— ) 

Precipitate 

KA1(S04)j 

0.b67-m 

(— ) 

Precipitate 

LaCNOgh 

0 .1-m 

(-) 

Precipitate 

Fe(NH 4 )j(S 04)2 

0.08C-m 

(-) 

Precipitate 

K 3 Fe(CN)o 

0 .1-m 

180 


K 4 Fe(CN)g 

0.06-m 

90 



Erom Table V it is seen that all the salts forming a precipi- 
tate ■svith the plasma mixture before or after the addition of 
thrombin must be excluded : and this means that many interest- 
ing ions cannot be tried. Of the salts giving no precipitate, 
all the substances tried, with three exceptions, give about equal 
inhibition of the activity of thrombin, when solutions of equal 
ionic strength are used. This holds true for the following salts: 
NaCl, jN'a 2 HP 04 , Nag-citrate, Kg-oxalate, LioSO^ and MgS 04 . 

Two of the exceptions are potassium ferrocyanide and pot- 
assium ferricyanide. Tt is not unexpected, however, that in 
protein-containing solutions compounds with ions of this kind 
will react in a manner different from that of more simple neu- 
tral salts. It is interesting that highly charged anions, like 

ferrocyanide obviously act considerably less than highly 

charged cations, for instance A1+++, but still more than the lesser 
charged ions. The 'clotting times after addition of these two 
salts are increased considerably in comparison with the normal 
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for folutions of ionic strength 0.6. The inhibitory 
properiiC' of feTrocyanide have been studied especially by 
(tLAZKO (fc Op.EF.SBr.KG (A7) niid Gl-azko & Ferguson (56). 
{UMl). 

Another c.xception is potassium iodide, vliich in the amount- 
employed completely inhibits the clotting, and thus shows 
properties entirely different from those of the other simple 
alh.nli .-alts investigated. As this was unexpected, other alkali 
halogonides were investigated, used as 0.6-m solutions {/< = 0.6). 
This showed that the chlorides reacted ns expected, and the 
bromides only showed minor deidntions. Tlie fluoride (NaF) 
accelerated the clotting, however, and iodide (K’nJ.KJ) retarded 
it considerably. Tlic action of sodium fluoride was so great 
that the solution containing equal parts of plasma and 0.6-m 
fluoride clotted in 7 seconds, while the mixture with plij'siolo- 
gical NnCl clotted in 9 seconds and inth 0.6-m NnCI in 32 
seconds. iSodium fluoride, liowever, may bo looked upon as a 
complex substance and cannot therefore be compared with the 
other halogcnidcs. It is also known ns n precipitating medium 
for fibrinogen (of. Huiskamp ( 98 ) (1905)), and its effect may 
possibly be due to an acceleration of the precipitation of fibrin. 
When the mixture is left standing udthout addition of thrombin, 
a precipitation resembling a clotting takes place. 

In con.strnst hereto, the iodides plainly inhibit the clotting. 
Tlie solutions used (O.G-m) must be diluted about 6 times in 
order to obtain clotting results comparable with the times 
yielded by the other halogenides or simple neutral salts. This 
juny be due to n denaturation occurring in the reaction, as 
K.r is shown by Anson k JIirsky (2) (1930) to be a denaturing 
agent. 

The formation of fibrinogen by means of thrombin is thus an 
enzymatic process which, due to the delicate nature of the 
proteins taking part in the reaction, is subject to the most 
different di.sturbing influences, and the specific effect of several 
individual ion.'s on this sy.steni is far more pronounced than the 
general properties of the salts exprcs.sed by their ionic strength. 
I'or investigation of the .significance of the ionic strength, some 
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of the salts which show no anomalies are chosen and compared. 
As a nile sodium chloride and lithium sulphate are used. 

Table VI shows the result of such a comparison. Ox Bordet 
plasma is used; to 10 ml of plasma different amounts of 0.6-m 
sodium chloride or 0.2-m lithium sulphate {fi = 0.6) are added 
and diluted with distilled Avater to 20 ml. The ionic strength 
of the plasma itself is unknoAsm, but may AAuth reasonable 
accmacj’' be put as equal to a physiological NaCl solution (0.9 
per cent = 0.15-m, (x — 0.16). The ionic strength of the mixtures 
may therefore be calculated. The actmty of the thrombin 
solution is as usual expressed as 60/t. 


Table VI. 


Salt solution 
ml 

/< 

XaCl 

1^2504 

t 

GO/t 

t 

60/t 

0 

0.075 

6.1 

9.8 

5.1 

11.8 

2 

0.135 

7,1 

8.5 

7.0 

8.6 

4 

0.195 

12.4 

4.8 

10.2 

5.9 

6 

0.255 

24.0 

2.5 

19.8 

3.0 

8 

0.315 

35,3 

1.7 

39.1 


10 

0.375 

48.6 

1,2 

68.0 

0.9 


As AAull be noticed, the potency of the thrombin solution is 
influenced to the same .degree by different salt solutions of the 
same ionic strength. The results are expressed graphically in 
Kg. 9, in which the ionic strength is abscissa, and the throm- 
bin actiAuty expressed as reciprocal minutes is ordinate.. 

Kg. 10 shows similar experiments Avith a fibrinogen solution 
at about pH 6.8 and Avith employment of 0.6-m NaCl and 
0.2-m Li 2 S 04 . As AAuth plasma, also here hthium sulphate seems 
to give a more straight line than sodium chloride. 

In order to investigate the influence of salt concentration 
at different pH values, diluted HCl orNaOH is added to Bordet 
plasma whereafter salt solutions of varying ionic strength are 
added. Kg. 11 shows the result of such an experiment at pH 
respectively 6.0 and 7.7 and Avith employment of lithium sul- 
phate. The action of the salt at the different pH values is of 
the same order, when due allowance is made for the difference 
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Fip. 0. Acllntt of lbronil)in on ox plasma In relation to the ionic strength of 

the solution. 



Fig. to. .\ction of thromliin on ox fibrinogen in relation to the ionic strength 

of the solution. 

of tlio clotting ability nt the respective pH values. Wl'.en the 
cliffereticc in pH. values is not n.s great as in this experiment, 
the .salt curvc.‘; lie nearer each other. Sodium chloride yields 
sitnilnr results. Similar experiments were tried with fibrinogen, 
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but reproducible results could not be obtained, because in the 
fibrinogen solution with addition of dilute acid the character 
of fibrinogen in its reactivity ndth thrombin undergoes un- 
controllable changes. This is due probably to a denaturing 
action of the acid on the purified fibrinogen which is very labile, 
unless it is stabilized by other proteins or salts. This property 
will be discussed later. 



Fig. 11. Action of thrombin on ox plasma at different pH and varying ionic 

strength (LUSO^). 

All the experiments described here indicate that the clotting 
of fibrinogen by means of thrombin is an enzymatic process 
which is influenced verj? much by the concentration of simple 
neutral salts in the solution, expressed as the ionic strength, 
and that solutions showing equal ionic strength at the same 
pH also generally inhibit the clotting to the same extent. 

2. Constant Ionic Strength and Varying pH. 

After completion of the experiments concerning the effect 
of neutral salts on the clotting of fibrinogen, the studies on 
the pH optimum were taken up again. 

Pirst the curves obtained by diluting plasma or fibrinogen 
with solutions of phosphate buffer of respectively constant 
molar concentration and constant ionic strength were compared. 
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'Xhi^ j^olutions of constant ionic strength were made by diluting 
the pliosjjhate buffer with water in the jiroportion calculated 
from the curve for the variation of the ionic strength with the 
plh In this manner the curve published i-ecently was obtained 
(i/-, JP). .Another example is shown in Fig. 12. 

From these curves which wore obtained on plasma it is seen 
•Jmt by adding phospliate buffer of constant molar concen- 



Fifr. 12. Action of thrombin on o.v plasma In the presence of phosphate buffer. 
.1; Equal volume!, of Bordet plasma, physiological NaCl solution and phos* 
phale IntUir (/I -- 0.2). B; One %-olumc of plasma, two volumes of phosphate 
buffer iji r.- 0.2). C: Kqunl volumes of plasma, physiological NaCl nnd 0,2-m 

phosphate buffer, 

tration an optimum pH is found at about pH 6,5, while by 
using jdic.sjihate buffer of constant ionic strength the optimum 
is found about pH 7.0, in accordance with the results obtained 
by changing the pH by addition of diluted acid. The position 
of tl)e optimum pH is therefore dependent on the ionic strength 
of the solution, nnd may be changed at will by changing the 
ionic fitrcngtli. 

On changing the pH value by addition of diluted hydrochloric 
aotd to j)lasnin the pH optimum is not changed, but only flat- 
tened. by incrca.sing salt concentration of the solutions. This 
is shown by the three curves of Fig. 13, with employment of 
Fordet ph^mn and .solution.? of lithium sulphate. 

In carrying out the same .scries of experiments on solutions 
of fibrinogen some difficultic.? are met with. Keproduciblc 
result, am obtained oniy with the buffer experiment, while 
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the experiments -vrith addition of acid must be given up, because 
of the instabilit}^ of the fibrinogen solutions under these circum- 
stances. Fig. 14 shows two curves obtained by adding phosphate 
buffer of respectively constant molarity and constant ionic 
strength to a fibrinogen solution. The results are in accordance 
vith the results obtained with plasma concerning the position 
of the respective pH optima. 



Fig. 13. Action of thrombin on os plasma by addition of hydrochloric aciu 
and in the presence of equal amounts of Li 5 S 04 solutions of different con- 
centrations. A: 0.05-m. B: 0.10-m. C: 0.15-m. 

The instability of unbuffered fibrinogen solutions is the cause 
of the poor results obtained by the addition of acid. This is 
shown by the following experiment: A fresh fibrinogen solution, 
prepared as usual for the detennination, is placed in ice-water 
and the pH is followed for two hours. The initial pH is 8.47; 
after standing for 15 minutes, it is 7.82, and after 50 minutes 
7.23. After two hours it is 6.35. So even at 0° the fibrmogen 
changes continually, and the solution becomes more and more 
acid. It is therefore no wonder, that unbuffered solutions give 
inconstant results, and that it is necessarj’^ to add a buffer 
solution in order so obtain a constant pH value in the solution. 
Also in these solutions, of course, the fibrinogen changes its 
properties, but this does not interfere with the hydi'Ogen ion 
concentration of the solution, and hence it is of no interest in 
this respect. 

This instability of unbuffered solutions is also of .importance 
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thi' dctcnuinrstion of the stveneth of thioiiibin solutions, 
and shows that it is best to use buffered solutions for this 
{uirpose. For this phosphate buffers may be used as done in 
the experiments reported here, but it is better to use the diethyl 
})irbiturate buffer of Miciiaelis {116). Under certain circunu 
stances the determination of the clotting point is difficult in 
phosjihate l)iiffcrs. while the barbiturate buffer does not seem 



rip. 15 . Action of thrombin on ox fibrinogen by addition of phosphate buffer. 

to interfere ndth the determinations. Especially, this holds true 
for the determination of the thrombin activity, which is to be 
carried out during the measurements of antithrombin (see later). 

3. Varying fH and Ionic Strength. 

The rc.sults obtained in the two preceding sections maj' be 
verified in another manner, namely by changing in the same 
plasma sy.stcm the pH by addition of acid and the ionic strength 
!)y addition of neutral salts. Such experiments were therefore 
(•.arried out on plasma, while, owing to the difficulties just 
mentioned, purified fibrinogen solutions were not tried. Fig. 15 
sho^v.*- the results of two such experiments, one until employment 
of different concentrations of sodium chloride, the other with 
lithium sulphate. To 10 ml plasma are added 20 ml of a mixture 
of 0.0-m XnCl or 0.2-m Li.SO^ and di.stillod water, and then 
l-n HCl is added until the de.sired pH is reached. In Table VII 
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Fig. 15. Action of thrombin on ox plasma by addition of hydrochloric acid 
and varying amounts of 0.6-m NaCl or 0.2-m Li 2 S 04 (see Table VII). 



Fig. 16. Action of thrombin on ox plasma by addition of hydrochloric acid 
and differently varying amounts of 0.6-m NaCl (see Table VIII). 

an example of such an experiment is recorded. In this experiment 
from 4.6 to 9.0 ml 0.6-m NaCl are used in increasing amounts 
with increasing pH value. The curves obtained show a shifting 
of the pH optimum to the acid side, just as is the case on em- 
ployment of phosphate buffer of constant concentration. By 
using sodium chloride in irregularly increasing amounts it is 
possible to obtain curves which still more resemble the curves 
obtained with common phosphate buffer. An example of this 
is recorded in Table VIII and in Fig. 16. It shows quite the 
same features as obtained with phosphate buffer. 
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The dependence of the fibrin formation on the ionic strength 
Iras tiuis been demonstrated in various avays, wliich all give 
concordant results. 


Table Vll. 



xijSO, ! 
nl 

HjO 

mJ 

t 

co/t 

I’H 


9.0 ; 

11.0 

19.5 

3.1 

7.30 


S.5 ; 

11.5 

17.8 

3.4 



S.O ! 


15.2 

4.0 

7.08 


7.5 \ 

12.5 

13.0 

4.6 

6.92 


7.0 j 

t.'l.O 

13.5 

4.4 

0.78 


0..T j 

13.5 

13.G 

4.4 

6.63 


(t,n 1 

1-1.0 

15.0 

4.0 

6.51 


5.5 5 

11.5 

28.5 

2.1 

6.33 


5.0 1 


57.1 

1.04 

0.17 


■{.5 1 

1 ^ 

G9.-I • 

0.8C 

5.88 


Table VIII. 


J-r, H' l 
r'.<. 

> SftCn 

IC.O 

t 

n*ib:\n 

CO/t 

pU 

O.On 

9.0 

11.0 

29.8 

2.00 


0.03 

8.75 

11.25 

28.1 

2.13 


0.00 

; .8.50 

11.50 

24.4 

2.4G 


0.U9 

: 8.25 

11.75 

21.0 

2.80 


0.12 

1 8.00 

12.00 

38.5 

3.24 


0.15 

' 7.75 

12.25 

17.6 

3.40 


0.18 

, 7.25 

12.75 

17.2 

3.50 


0.21 

1 ft. 7.5 

13.25 

18.G 

3.23 


0.2 1 

j 0.00 

14.00 

27.0 

2.22 


0.27 

, 5.00 

15.00 

46.1 




G. Thrombin Action, Ionic Strength and Species 
Specificity of Fibrinogen. 

As already pointed out, our investigation concerning the 
sigiuficance of the ionic .strength to the clotting of fibrinogen 
bad its origin in the studies on the pH optimum of the process 
and the species specificity of fibrinogens published recently { 25 ). 
After completion of the experiments on the effect of the ionic 
strength on the fibrin formation, these studies were again taken 
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up in order to elucidate the reaction in the hght of the new 
loiowledge concerning the influence of neutral salts upon the 
process. 

These experiments are carried out with employment of fibrin- 
ogen prepared by ammonium sulphate precipitation according 
to {26) instead of acid-precipitated Mellanby fibrinogen. 
Oxalated horse plasma and citrated human plasma are used, 
and in most of these experiments Bordet plasma is made as 



Fig. 17. Action of ox thrombin on horse fibrinogen by addition of phosphate 

buffer. 

described previously {26). From chicken plasma Bordet plasma 
is made as described in (5). For precipitation of fibrinogen from 
human plasma it is necessary to increase the concentration of 
saturated ammonium sulphate to 0.33. This in itself is a sign 
of species specificity (cf. {25, 26)). In some experiments chicken 
plasma and oxalated human plasma were used for fibrinogen 
preparation without preceding treatment with tricalcium phos- 
phate. The experiments were carried out as described in the 
preceding, and some results will be presented here in the form 
of cmwes. On every fibrinogen solution two experiments were 
made, one with phosphate buffer of constant molarity, the 
other with phosphate buffer of constant ionic strength. 

Fig. 17 shows an example with horse fibrinogen. The influence 
of the salt concentration is clearly seen, and the pH optimum 
for constant ionic strength {fi = 0.2) of the phosphate buffer 
added hes about neutral reaction (pH = 7.0), while with addition 
of 0.2-m phosphate buffer the pH is found to be 6.6. In five 
experiments of this kind the pH for constant ionic strength 
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Ti-iricd from T.O to 7.1, while with 0.2.m buffer it ranged from 
pH C.O-G.S. The former investigations (26) gave pH 6.4 for 
constant molarity; but, as tlie pH optimum under these con- 
ditions may Ix? changed vith the concentration of the phos- 
plmtc buffer in relation to the total salt concentration, this 
value may vary considerably vith the experimental conditions 
For human fibrinogen an example is shown in Fig. 18, from 



I'ig. IS. .action of ox thrombin on human fibrinogen by addition of phosphate 

buffer. 

which the pH optimum for constant ionic strength is found to 
be about 7.2, and for constant molarity pH = 6.8. In four 
experiments of this kind the pH for constant ionic strength 
varied from pH 7.2 to 7.6, and with constant raolarit}’^ from 
pH 6.8 to 7.0. The previous experiments under these conditions 
gave pH 6.7. 

I he corresponding experiments with ox fibrinogen have been 
described aircadv under the experiments carried out for eluci- 
dation of the influence of the ionic strength on the clotting 
process; they need not be repeated here. The optimal pH for 
constant ionic strength ranged from 7.0 to 7.5, while for con- 
stant molarity it varied between pH 6.4 and 6.7. Earlier experi- 
ments luid given pH 6.4. 

Chicken fibrinogen showed immediately its difference from 
the other fibrinogens, as it was impossible with chicken fibrin- 
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ogen to obtain as small clotting times as used in the experiments 
■ndth mammalian fibrinogen. While for ox fibrinogen the clot- 
ting times were as low as 8-10 seconds, a chicken fibrinogen 
solution made in the same manner as a rule clotted in about 
25 seconds. With cMcken fibrinogen, however, it was easier to 
obtain good determinations of the longer clotting times than 
vdth ox fibrinogen. An example of experiments on chicken 



Fig. 19. Action of ox thrombin on chicken fibrinogen by addition of phos- 
phate buffer. 

fibrinogen is shown in Fig. 19. In both cases the pH optima 
are found in a considerably more acid region than usual, namely 
for constant ionic strength at pH 6.4 and for constant molarity 
at pH 6.0. In five such experiments the optima varied respect- 
ively between pH 6. 4-6. 5 and pH 6.0-6. 2. Earher experiments 
had shown pH 6.1. It is interesting that while the real pH opti- 
mum, as it is found by making the ionic strength constant in 
different ways, for the mammalian fibrinogens investigated is 
always found near the neutral point, and thus lies in the neigh- 
bourhood of the natural pH of the blood, this does not seem to 
apply to the formation of chicken fibrin, as the real pH optimum 
here is found about pH 6.4. 

The results for the pH optima for the different fibrinogens 
at constant ionic strength and constant molarity may be sum- 
marized iu the approximate values shown in Table IX. 

So the experiments here described verify not only the species 
specificity of fibrinogen as disclosed in its reactivity with 
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Table IX. 


Fft-rir.c'O.'n 

pH at constant 
; ionic Ktrnctli 

pH at constant 
molarity 

.Man 

7.5 

6.9 

Horse 

7.0 

6.7 

Ox 

7.0 

6.5 

Chicken 

6.1 

6.1 


thrombin at different pH values: they also confirm the earlier 
results concerning the significance of the ionic strength to the 
clotting of fibrinogen. 


D. Considerations Concerning the Influence of Ionic 
Strength upon Enzymatic Reactions. 

It is not the place here for a general treatment of the theore- 
tical aspects of the influence of ionic strength on enzymatic 
reactions. The process here investigated, however, seems to he 
the first enzymatic reaction for which the significance of the 
ionic strength has been definitely demonstrated. The oppor- 
tunity may therefore be taken to consider the possible signifi- 
cvince of the ionic strength to such processes. 

It has been common practice for some years to use solutions 
of con.'itant ionic strength for the investigation of physicochemical 
jjroporties of proteins, in order as far as possible to eliminate 
the influence of variations in the interionic forces on the proper- 
tic-h .studied. In cnz 3 'mc chemistry, however, generally no regard 
has \)een jinid to this que.stion, and the influence of ionic strength 
on ci^z\mntic reactions has not yet been investigated in detail. 
Jnl\ in a few casc.s, mostly in American publications, buffers 
of constant and stated ionic strength have been used for studies 
on cn/ymc.s, but in no instance lias the dependence of the reaction 
in question on the ionic strength of the solution been investi- 
gated separately. Only Li7>'dsteex {109) (1936) finds that the 
in^ 0 cafloinogen by rennet is influenced by the ionic 
.ngt 1 o t le .solution, and that presumably it is the pre- 
cipitation o. casein and not il.s formation which is altered. 

' r, n. ma vc.s no further comment on this phenomenon. 
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Tlie term “ionic strength” defined according to equation (8) 
■was introduced by G. N. Lewis and is commonly used through- 
out the Enghsh-speaking countries. In German often the term 
“ionale Konzentration” (N, Bjerruiu) is used. It is denoted 
■with the sign F and defined bj’’ equation (9) : 

r — tn. ‘ z~ = 2{i (9). 

The variation in the ionic strength of 0.1-m phosphate buffer 
in relation to pH has already been mentioned, and a curve 
illustrating this has been published recently (Astrup {17, 19)). 
In the same paper other curves show the relation between pH 
and ionic strength of 0.1 -in acetate buffer, 0.1-m citrate buffer 
and citrate buffer according to Sorensen. In the last case 
regard is paid to a varying sodium chloride content. The curve 
shows that the ionic strength for Sorensen citrate buffer is 
constant between pH o and 9, but unfortunately the buffer 
capacity in the physiologically most interesting region (pH 
C.o-9) is onlj' small, so that the buffer cannot be used in this 
region. All the curves are calculated with the assumption of 
completely dissociated salte, while no regard is paid to the 
amount of free acid (acetic acid or citric acid), as the hydrogen 
ion concentration is of no importance for the ionic strength in 
proportion to the concentration of salts in the pH region used 
for enzyme studies. In such investigations the salt concentration 
and the buffer capacity must always be relatively large in order 
to give sufficient buffer action; and further the accuracj^ of 
biochemical measurements is relatively restricted, at anj' rate 
in comparison with the accuracy with which physicochemical 
measurements may be carried out. 

For acetate buffer the ionic strength of the buffer usually 
emploj’cd ranges from about zero to the molarity of the solution. 
For citrate buffer according to Sorensen ju ranges from 0.067 
to 0.3, M’hile for 0.1-m pho.sphate buffer, as already mentioned, 
it varies between 0.1 and 0,3, 

Thus it is seen that all the buffers most commonly used show 
a verj’- great variation of the ionic strength in relation to pH 
when they are made according to the usual methods. 

In the preceding it was shown that the clotting of fibrinogen 
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l>y racAn? of thrombin is not onh' dependent on the pH value 
of the solution but also on the ionic strength of the mixture. 
The lacking undcnstanding of this relationship had been the 
cause of cWlicting results. In general the ionic strength is 
not taken into consideration in enzymatic investigations, al- 
though in a few cases buffers of constant ionic strength have 
been used. From the results cited it is seen, however, that due 
to the great variations in the ionic strength of the buffer solu- 
tions commonly used for biochemical studies and to the unsettled 
significance of ionic strength to a given enzymatic reaction it 
is necessary to take this possibility into consideration. Especially 
in case.s where different pH optima, are found under various 
experimental conditions it is essential to pay attention to this 
matter. Only cur\-es obtained at constant ionic strength may 
be assumed to give the real pH optima. This may be obtained 
in various ways — in most cases udth sufficient accuracy by 
u.'iing diluted acid or alkali for changing the pH of the solutions. 

It is very unfortunate that the buffers generally used for 
liiochemical investigations show such great variations in their 
ionic: strongtli, and thus the methods for obtaining constant 
ionic strength in buffer systems become of importance. 

I'he method most commonly used is to dilute the buffer 
mixture in cjucstion with distilled water, in such a proportion 
that the ionic strength is held constant, when the composition 
of the mixture and licncc the pH value is changed. From the 
curves shown in the paj)ers already mentioned {17, 19) it is 
c.'Ksy to calculate tlie amount of water which is to be added. 
I his metiiod is of particular value for phosphate buffers. Here 
if is ca.sy from a mixture of 0.1 -m solutions of primary and 
.‘secondary ])hosp!mte to obtain buffer solutions Aviih ionic 
strength n 0,1 Iw suitable dilution. 

Instead of diluting with water, and thus be restricted to 
buffer .solution.^ of relatively low ionic strength, it is also possible 
to add .sohifiotis of neutral salts to the mixtures and in thi.s 
manner incrtaise the ionic strength in solutions witli too low 
Anluc;;. Ihis metiiod may also be used for phosphate buffers, 
biu of still more value in buffers containing iini-univnlcnt 
eh.i troh te.'.. for in.'^tance acetate buffers. Iir such buffers the 
ioni( .strength may vary from about zero to the molarity' of 
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the solutions, and by addition of neutral salts it is possible to 
increase the ionic strength to a constant value. In fact it is 
easy in buffers of this type by simple means to obtain constant 
ionic strength, and in some buffer compositions this principle 
has been used. It will be discussed below in connection with 
the discussion of the general properties of uni-univalent buf- 
fers. 

Another method of obtaining constant ionic strength is to 
use a constant and relatively large amount of neutral salt and 
add var 3 dng and small amounts of the buffer. In this maimer 
the contribution of the buffer salts to the ionic strength of the 
solution is small in comparison vdth the significance of the 
neutral salts. For biochemical studies, however, this method 
is not verj' satisfactory. As a rule it is necessary in such experi- 
ments not to use too small amoimts of buffer, and the amount 
of neutral salt added must therefore be relatively large. Many 
enzyme reactions and reactions in which proteins take part are 
largely influenced bj’- the concentration of neutral salts — ^for 
which effect in enzj^me chemistry’- the term “salt effect” is 
used — and a large salt concentration means that the process 
is carried out under unphj’^siological conditions. Therefore it is 
not very suitable in such investigations to use this method to 
obtain a constant ionic strength. 

When constant ionic strength is desired the most suitable 
buffers are solutions containing uni -univalent electrolytes. In 
mixtures of such electrolytes it is possible by various simple 
means to obtain constant ionic strength. 

A buffer of tins type, much used in biochemical investigations, 
is the diethylbarbiturate buffer described by Michaelis { 116 ). 
The buffer is prepared by mixing varying amounts of 0.1-m 
sodium diethylbarbiturate with varying amounts of 0.1-m 
hydrochloric acid. The resulting mixture may be looked upon 
as containing \mdissociated diethylbarbituric acid, completely 
dissociated sodium diethylbarbiturate and complete^ disso- 
ciated sodium chloride corresponding to the amount of hj'^- 
drochloric acid added. The amount of diethylbarbituric acid 
also corresponds to the amount of hydrochloric acid added, and 
as the barbituric acid is of no importance to the ionic strength, 
in this respect the only alterations which have taken place in 
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the solution? ftre that some sodium diethylbarbiturate has been 
replaced by the corresponding amount of sodium chloride. As 
these two .‘salts with sufficient accuracy give the same ionic 
strength, it is seen that the ionic strength may be calculated 
from the original sodium diethylbarhiturate content of the 
solution without paying regard to the amoimt of hydrochloric 
acid added. The results are calculated in Table X. 


Table X. 


(i.Utt, r.W.Unnt'' 
rt 

O.l-ta nci 

BlI 

pU 

■ Ionic StreruTth 

! 

5.10 

•1.00 

(C.40) 


.l.t J 

•I.SG 

(6.G0) 


5.22 

•1.78 

G.80 


5..5G 

-l.Cl 

7.00 



•I.IG 

7.20 



•1.19 

7.40 


nmgnn 

3.85 

7.G0 



,3.38 

7.80 

0.06G2 


2.8l 

8.00 

0.07 IG 

".GO 

2.31 

8.20 

0.0769 

8.2.5 

1.77 

8.40 


8.71 

1.29 

8.G0 


a.o.s 

0.92 

8.80 



O.Gl 

9.00 

0.093G 

'.>..'.2 

O.-lR 

9.20 


!'.7I 

0.2G 


0,0974 


O.lf) 


0.0985 


0.07 

IHH 

0.0993 


The pif vnlue.s in parenthesis are not fulh’ reproducible, 
arcording to .Michalus. Tlie ionic strength in relation to pH 
i.-' shnnn grapliically in Fig. 20. It varies between 0.05 and 0.1. 

In (he same way the acetate buffci', prepared as usual, may 
1 k.> treated, and in this manner tlic curve published recently 
was obtaifual. 

It easy to see that in buffers of this type, containing salts 
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of monovalent weak acids, it is possible in a very simple manner 
to devise buffer mixtures with constant ionic strength by using 
a constant amount of the salt in question (sodium diethyl- 
barbiturate, sodium acetate) adding varying amounts of hydro- 
chloric acid and diluting to equal volume. The amount of the 
sodium salt present added to the amount of sodium chloride 



formed, expressed as moles per liter, will always be the same, 
and thus the ionic strength will be constant too. Some of the 
sodium salt of the acid will be replaced by the corresponding 
amount of sodium chloride, and in most cases this probably 
will be of only minor importance, at any rate in comparison 
with a corresponding variation in the ionic strength. However, 
it is possible that in certain cases specific properties of different 
ions play a role not to be disregarded, and in such cases it is 
therefore necessary to have this possibihty in mind. 

In a paper on the precipitation of caseinogen by reimet, 
Michaelis & Mendelssohn { 118 ) (1913) used an acetate buffer 
containing a constant amount of sodium acetate and varying 
amounts of acetic acid (see also IMichaelis & Rona { 119 ) (1910)). 
However, it is better to change the pH value by addition of 
hydrochloric acid as rather large amounts of acetic acid must 
be used when the pH has to be changed to a more acid region, 
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nwx the Inruo amount of acetic acid present tlien may change 
the properties of tlic solutions employed. 

Lntcr .Mic 5 !ae:u.^ (///) has described a modified acetate- 
dictUvlbarbiturato buffer, with which it is possible to cover a 
large ]>H region ntid to have constant ionic strength. According 
to the principle just mentioned, to a solution equimolar in sodium 
;»wtate and .sodium diethylbarbiturate varying amounts of 
hydrochloric acid arc added. This buffer seems to be convenient 
for many purpose.';. 

In.'tond of using alkali salts of weak acids as buffers, liydro- 
chloridcs of weak bases may be used; especially the imidazole 
derivatives (glyo.xaliucs) introduced by Ivibby & Neuberger 
(id.'j) (1038) seem promi.sing for biochemical studies. Unfortun- 
ately tiiey arc not easily prepared. These salts arc uni-uni- 
valcut elcctrolytc.s and it is easy to obtain solutions of constant 
ionic strougtii by using constant amounts of the hj'drochloride 
of the ita.se. adding varying amounts of sodium l^ydroxydc and 
diluting to equal volume, corrc.sponding to the principle adopted 
for weak tmivalcnt acids. IviRBv & Neuberger have made an 
extoii.«ive investigation on the properties of these substances 
a.s buffers and from their tables it is possible to calculate the 
pU of any mi.xturc and at varying ionic strength of the solutions. 
Imidazole was u.sed by Mkrtz & Owen {IIJ) for studies on 
blood elotting. n.s it does not react with the calcium ions, but 
tinft)rtunatoIy they mixed equal amounts of the base with 
vary ing amounts of hydrochloric acid, so that diluting to equal 
volume did not give .solutions of equal ionic .strength. 

On pliosplmte and neelate buffers o.xtcnsive iiivestigations 
li.'ive been made by Conx and co-workers (Coiix {62), CoJix, 
Hr.vKOTi! Mkkkix {63), Greek (56’)), and Bjerrum & Ux- 
Mack (-/-a) have invc.sligated buffers based on phosphoric acid, 
« itrie acid and glycine. From their tables and curves it is possible 
to ealfulnte the compo.sition of a buffer for any pH value and 
ionic strength of the solution. These salts, together with tlie 
imidazule.';. are the only huffens used in bioehemistry on which 
e.\^en^fve in%'e.s{ (gat ion.'^ have been eanacd out. 

In ^ader to obtain .«oine information of the .significance of 
the ioiiie strength for the properties of buffers a model experi- 
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ment was performed recently by Beoderseh {48). He measured 
the potential of a ferro-ferricyanide electrode in buffers of 
different composition. The potential of such an electrode with 
a not too acid reaction is independent of the pH of the solution, 
and therefore the salt effect may be investigated separately. 
He found that the potential was greatly influenced by the ionic 
strength of the solution, but also buffers diluted to constant 
ionic strength showed deviation, almost as large as buffers 
with varying ionic strength. This deviation was sho^vn to be 
due to the various properties of the different ion species in the 
mixture, and a constant potential was obtained only by using 
constant and relatively large amounts of a neutral salt and 
only a small concentration of the buffer, i.e. under circum- 
stances generally not existing .in most biochemical investi- 
gations. So it should always be kept in mind in such investi- 
gations that, whenever possible, the buffer concentration must 
be kept low and a constant and relatively high concentration 
of neutral salt must be present in the solutions. Only under 
such conditions deviations due to varying ionic strength and 
different ionic composition may be ehminated. In the hght of 
his findings Brodersen discusses the properties of buffers to 
be used in biochemistry. 

It is important that even in such a simple reaction as the 
oxidation of ferrocyanide to ferricyanide studied by Broder- 
sen: 

Fe (CN)^ !^Fe (CN)6 +e“ 

it is not possible to eUminate differences in the interionic forces 
influencing the activities of the ions in question by using so- 
lutions of equal ionic strength when the composition of the 
buffer mixtures is changed. The individuahty of the different 
ions in the solution influences the reaction to a very significant 
degree and in a manner not taken into consideration in the 
calculation of the ionic strength, which term only depends on 
the valency and concentration of the ions in question. 

Now, as the reaction mentioned takes place between tetra- 
valent and trivalent ions, we may expect that the reaction to 
a large extent depends on the ionic strength of the solution, 
in the expression of which the valency is raised to the second 
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pov-er. Also the intcrionic forces due to the individuality of 
tiic different ions and not taken into consideration in the ionic- 
strenplh must play a similar increased role in reactions concerning 
ions of higher valency. Furthermore, it is veil known that the 
activity of the ions in more concentrated solutions, such as is 
gencrallv used in biochcmistiy, does not simply depend on the 
ionic strength, and that a corrected equation has to be used 
for sucli solutions {sec, for instance, the investigations already 
mentioned hy Cohn* and co-workers). In a not very dilute 
solution the activity of an ion with high valency may be only 
a fraction of the activity of a monovalent ion in the same 
.solution. This is e.xprcssed through the two well-known equations 
(10) and (II), of which the first is valid for low concentrations 
only (fi S. d.Ol) and the second for more concentrated solutions 
(h ^0.1). As usual. 2 is the valency of the ion in question and 
/ its activity coefficient in watery solution at 20°. 

— /oy/ = 0.6 • 2 • |/p (10) 

-log!=0.o-z--l^ (11) 

1 +lV 

In hiochemical investigations in general proteins take part, 
cither alone ns an civ/yme or both as enzyme and substrate, 
or finally as enzyme, substrate and reaction product. As the 
protein contains a large number of botli positive and negative 
electrical charges it i.s no wonder that reactions in which proteins 
fake part arc greatly influenced by the interionic forces, and 
('.‘Specially that the ionic strength of the solution must be taken 
into consideration. From what 1ms been said already it is also 
obvious that the behaviour of such .systems may not bo described 
in terms of the ionic strength alone. 

As a rule the ionic .strength is taken into consideration in 
physico-chemical investigations of proteins, and in many cases 
if i« possible in this manner to obtain satisfactory results in 
f oiutions of different composition, for instance in buffers of 
different naturt*. But often the individuality of the ion species 
.a!.-o play.'^ a role and modific.s tlie results obtained to a certain 
deea-e, fiii.u, for in.stance, i.s the case in determination of i.so- 
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electric points, mobility in an electric field and so on. In not 
too concentrated salt solutions, however, the mere maintenance 
of a constant ionic strength is usually sufficient to obtain re- 
sults wliich may be compared with each other with reasonable 
accuracy. 

As already mentioned, enz3mie reactions have not hitherto 
been investigated in detail with respect to these questions. 
This circumstance is due probabty to the fact that the accuracy 
of the measurement of reaction velocity in enzymatic processes 
is relatively small in comparison •noth the measurement of the 
different phj'Sico-chemical properties of proteins just mentioned. 
Further it is possible that onty certain enzyme reactions will 
show so great a dependence on the interionic forces (expressed 
as the ionic strength) that it will exceed sufficient^ the accuracy 
with which the measurement is carried out. It is possible 
that only a few reactions maj"- show a large influence of the 
ionic strength, and that the large majority of enzj^me reactions 
is only to a slight extent dependent on the ionic strength. 
The reactions for which the greatest significance of the ionic 
strength is to be expected are the reactions in which a protein 
is transformed into another protein under the influence of an 
enzyme, and such a reaction is, for instance, the formation of 
fibrin from fibrinogen bj'^ means of thrombin. So, it is no w'onder 
that just this process should show such relations as described 
in the preceding sections of this chapter. 

In this case three proteins take part in the reaction, the 
substrate fibrinogen, the enzyme thrombin and the reaction 
product fibrin. Further, after passing through a soluble form 
“profibrin”, the fibrin is precipitated as a gel during the reac- 
tion ; in fact, it is possible that it is the last of these reactions, 
the transformation of the soluble profibrin into the insoluble 
fibrin, v'hich is the part of the process most influenced by the 
ionic strength. This probabty malces the action of thrombin to 
an enzyme reaction, which in a considerably higher degree 
than other reactions, even such which also take place between 
three proteins, depends on the ionic strength of the solution. 

In a preceding section it was shown that the action of throm- 
bin shows different pH optima according to the origin of the 


n 
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fihrinogcH u?ed ns substrate. For many enzymes the pH optimum 
is a rather fixed point, but it is well known that for proteolytic 
enzvmes the pH optimum in some degree depends on the protein 
used as substrate and varies with the isoelectric point of it. 
As mentioned already, the reaction optima for the thrombin 
action %‘nry between pH 0.4 and pH 7.5, depending on the 
fibrinogen species employed, when the investigations are carried 
out in solutions, of constant ionic strength, and for the fibrin- 
ogen.s xised in our investigations. The isoelectric points of the 
different fibrinogens are not known. We have made some 
experiments in this direction, but as fibrinogen is a very labile 
jirotein, great technical difficulties are met with in the pre- 
paration of sufficiently pure solutions for sucli measurements, 
and so far we have not succeeded in these investigations. 

For thrombin itself the isoelectric point is found about pH 
4.4 (Sr.r.OKRS {137), Astrep & Darling (22)) and is thus far 
removed to the acid side from its reaction optimum, at wliich 
point thrombin therefore will carrj* large, negative electrical 
charges. 8o. probably thrombin exerts enzymatic activity only 
a.s an anion. As tlirombin is thus highly electrically charged at 
the reaction oiHimum, it i.s understandable that the dependence 
i>n the ionic .strength is so great, and it is reasonable to assume 
that other enzymatic reactions, whore the isoelectric point of 
the enzyme lies far away from the reaction optimum of the 
en/yrnatie fjrocc.s.s, also may show such relations. Of cour.se, 
the .‘-a rue must be the case when it is the isoelectric point of 
file .«uhs(ratc and not that of the enzyme which is far removed 
from the reaction optimum, a.s in this case it is the substrate 
whieii carrit'-s the large electrical charge. The greatest influence 
of tfie ionic strength may he expected when the enzyme and 
tJie .‘iuis^.trate curry the same cliarges at the reaction optimum, 
(u.v when the isoelectric points of the enzyme and the sub- 
strate He on the same side of the reaction optimum. When the 
I'ur.yine mul substrate cuitv opposite charges at the reaction 
optimum, it may be expected that the dependence on the ionic 
strength rviil 1 k> less, us tjie intermediate compound formed 
durintr thr* reaction by combination of the enzyme with the 
-Mib^trate under such circumstances will .show a con.siderably 
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lower electrical charge than the two separate compounds. 
However, it may be that other relations then play a significant 
role, for instance, the charge of the new product formed, when 
the compound is split during the action of the enzyme. 

Just as the ionic strength influences the different physico- 
chemical ‘pro^mrties of the substances in solution by influencing 
the activity coefficients of the ions, it likewise influences the 
reaction velocity of the processes in which the ions participate 
(see Broxsted (49)). 

Broksted assumes that two ion species A and B must form 
a “collision complex” X before they can react together, X being 
in equilibrium with A and B, thus: 

If a small proportion of these complexes react unimolecularly 
to give the final products, 

X -> C+D, 

the velocit}'^ of the process at a given temperature must be 
determined by the concentration of X, when the equilibrium 
is reached instantaneously. 

It is seen that Broksted ' s conception of an ionic reaction 
corresponds quite to the reaction mechanism for an enzj^matic 
reaction, in which also tlie formation of an intermediate com- 
pound between enzyme and substrate is assumed. 

When the classical expression for the reaction velocity (v) is 
used, equation (12) is obtained, in which c signifies a concen- 
tration, and k is a constant. 

v = k’C^i‘Cji ( 12 ) 

If, however, the activity coefficients (/) are taken into con- 
sideration, the equation (13) is derived: 

V = ko- c^i ■ Cj3 • — (13) 

Jx 

hence 


Ja ' Sb 
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when’ i.5 independent of the concentration and ionic strength, 
which was not the case with k. 

The general qnalilios of equation (U) are discussed by Brox- 
STKD and terms for the positive and negative salt effect derived. 

In tlic ease of enzymes a similar treatment, yielding interest- 
ing information about enzymatic reactions, may be carried out 
wiu’u some simplifications are made. 

Being n protein, an enzyme wall always be more or less charged. 
This also holds true of the enzyme at its isoelectric point, where 
the number of the })Ositivc and negative charges arc identical, 
thus yicldiiig zero net charge. The relations are therefore far 
more complicated than in the case of simple salts. 

When ..‘I is supposed to be the enzyme and B the substrate, 
the following may be deduced. 

If the substrate, on which the enzyme acts, is an electrically 
uncharged molecule, the intermediate compound X will carry 
the same cliargc as the enzyme. For the uncharged substrate 
li the activity coefficient will be 1, while /_4 I'CGce 
In this case therefore the ionic strength will be of no significance 
10 the reaction velocity, and consequently no salt effect is to 
he expected in enzymatic ])rocesses of this kind. A verj^ great 
numher of enzyme reactions belong to this group, for instance, 
tlic largo grou]) of reactions produced by enzymes attacking 
imchiirged carl)ohydmtcs. 

If, on the other hand, tlie reaction talces place between two 
iems. whicli is the ca.so, for instance, with the large group of 
proteolytic enzyme.s. the following three cases may be distin- 
gutshccl. 

''I l\e first case is when the reaction takes place at the iso- 
elec trie point of either the substrate or the enzyme. In tins 
ease, say, the net charge of the substrate ia zero, and this case 
rC'Ctnhks the preceding reaction concerning an uncharged 
.'^uh^trate, i.r., the reaction velocity will be more or less indc- 
|»cndenS of the ionic .strength. As already mentioned, an iso- 
electric protein may not in tliis respect be looked upon a.s 
uncharged. J he comjionnd X will carry the net charge of the 
enzAjnt', ?)ut it is itiq)o.ssib!e to say anything about the total 
nu.n<H-r of podtivc and negative charges. It is easy to see tlmt 
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under these circumstances it is impossible to express anytliing 
quantitatively about the relation to the ionic strength. Assum- 
ing that the same net charge of A and X will yield activity 
coefficients of about the same order, then/4 and k ^ A-o • fjj, 
i.C; the reaction velocity is dependent on the activity coefficient 
of the isoelectric substrate. As the net charge of the isoelectric 
substrate is zero, it may be assumed tlmt fjj is considerably 
larger and nearer to one than the activity coefficients /4 and 
fx for the highly charged enzynne and the intermediate compound. 
Under such circumstances the reaction is less dependent on the 
electrol^ie concentration in tlie solution, and Anil only show 
a minor negative salt effect. Similar results are obtained if the 
reaction proceeds at the isoelectric point of the enzyme and not 
at that of the substrate. Proteolytic enzymes of the papain 
type probably act according to this conception. 

As the second case we may take the reactions proceeding at 
a pH value on the same side of the isoelectric points of the 
substrate and the enzyme. To reactions of this kind belong the 
proteolytic processes due to enzymes of the trypsin type. If 
the isoelectric points of the enzyme and the substrate are 
identical, then the activity coefficients may be equal. The 
intermediate com})ound may show a net charge double that 
of the enzyme or substrate, and therefore its activity coefficient 


may be expected to be considerably smaller, i.G.,fx <fA—fB- 
Hence ,2 

7. j. I A n 


On increasing the salt concentration (and/jj) will diminish, 
^od consequently will decrease more rapidly. On the other 
hand, fx is the activit}’- coefficient of a protein molecule carry- 
ing a considerably larger number of positive and negative 
electrical charges than A and B, and Avith a net charge double 
that of A and B. f x aaoH therefore probably diminish still more 
rapidly than /^ {ov fjf). The highest value may be expected 
to shoAv is the same as/^i and fjj. In this case k = k^ •fj_. By 
increasing the salt concentration k will diminish and the reac- 
tion velocity Avill decrease, probably rapidly, on account of 
the large charges of the enzyme and the substrate at the hydrogen 
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ion concentration in question. On the other hand, as mentioned, 
it must he assumed that fx ndll be far smaller than /..i (or fjj) 

s 

ami l>e far more influenced bv salt addition. In this case — - — 

Jx 

will increase in value with increasing salt concentration, and 
consequently the possibility exists that a positive salt effect 
is ]iroduccd and that the reaction velocity will increase witli 
increasing content. 

In the third ease the isoelectric points of the enzyme and 
the sub.stratc lie on opposite sides of the i)H value of the rcac- 
tirni mixttirc. Reactions of this kind are the processes in wliich 
proteolytic enzymes of the pepsin type take part. If the pH of 
the solution is just the mean value of the isoelectric jmints, 
then the two proteins will carry the same net cliarge at this 
poitif ntid the intermediate complex will carry no net charge, 
i.c,. have its isoelectric point at the pH of the solution. Hence 
the activity coefficients of the substrate and the enzyme may 
be of the same order, while the activity coefficient for X may 
Ik? t;onsiderabiy larger. If it is as-sumed to be approaching one, 

(i<5) 

In this case there will always be a great dependence on the 
;-!\U concentration, and the reaction velocity will decrease with 
increasing .salt concentration. 

I'Voni the imeccding, it, is evident that even this crude, jmre 
qualitative treatment yields results of interest for the under- 
standing of tlie influence of the ionic strength on enzymatic 
reactions, and it i.s liighly ]>robablc that many jmoblems with 
relation to the .salt effect in enzymatic processes in general 
m.ay be e.xpinincd in this manner — by taking the intcrionic 
forces (cxprcs.scd as the ionic strength) into consideration. A 
complete quantitative treatment of the qiie.stion is not yet 
possihle, houever, due to the complexity of the reactions tak- 
ing tiiace between protcin.s, and to the anomalous propertie.s of 
tSu' proteins ns high molecular electrolytes wirrying a consider- 
able nimslK:',- of botli positi%'c and negative electrical charges. 
I nilmbly it !na_v be possible to .simplify the problems in some 
rcr:jK?<t^. hor in.-tance, the electrical charges in protcin.s arc 
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removed so far from each other, that they partially react as 
independent charges, and thus it has been assumed by Ltnder- 
STROM-LA^'G {lOS) that one s-valent protein ion makes the 
same contribution to the ionic strength as 2 univalent ions. 
Further the valency of protein ions may be obtained from 
membrane potential measurements (cf. Adair & Adair (i)f. 
Also the influence of the salts on the charge of the protein 
molecules must be taken into consideration. However, this is 
not the place to extend this disciussion further. 

For the experimental verification of the considerations 
developed here, experiments may be carried out with different 
enzyme .s^'.stems: c.spccialh* those in which tlic isoelectric point 
of the enz^nne (or sub.stratc) i.s far removed from the pH. of 
the reaction optimum of the ])roce.'^s. siiould peld interesting 
results. As already mentioned the thrombin action is such a 
process, and it s!iow.s great dependence on the ionic strength. 
For theoretical reasons, however, this proce.ss is not quite 
sati.sfactor 3 f, as it include.? the formation of the reaction pro- 
duct ns an insoluble 6ub.stancc, and thus is not a homogeneous 
reaction. It seems more promising to investigate the enzj^mes 
tiypsin and chymotrj'psin. Thej’ .show about the same reac- 
tion optimum (pH 8-9), but while the isoelectric point for 
trjqjsin is at pH 7-S, for chj'motr 3 ’'psin it lies at pH 5.4 (Ku- 
^■IT2 & Northrop {JOG)). Of these two enzymes chymotrypsin 
should show considerably- greater dependence of the ionic 
strength than trypsin. We have therefore carried out some 
preliminary- experiments in this direction, but as jmt we have 
not succeeded, as the cun-es obtained by the method so far 
used give a pH optimum extending over several pH units, 
and thus do not allow of any’' satisfactory' accuracy' for deter- 
minations of this kind. 

In this connection it is of interest to mention that the in- 
activation of cry'stalline pepsin is dependent to a very' high 
degree on the ionic strength of the solution (Steinhardt {148, 
149)). 

From the considerations above it is seen that dependence on 
the ionic strength of the solution is a general property of en- 
zymes — ^just as the dependence on the hydrogen ion concen- 
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Frons these considerations, liowever, Ave may also 
cxpeet that the influence of variations in the ionic strength 
f*n most enzyme reactions will be of minor importance and not 
coJtjparable with the influence of variations in the hydrogen 
ion concentration of the solution. Probnbl}" only in certain 
favotinible cases is the influence so great that it will be of 
pnictical im])ortance. and the thrombin action is apparently 
sueli a process. The influence of the ionic strength on enzyme 
react iotis must not be confused with the specific action of 
certain ions in some cnz.ymatic 3mocessGs as, for instance, the 
action of calcium ions as an activator for the formation of 
thrombin from j)rothron\bin and trj'jAsin from trypsinogen, the 
significance of magnesium ions for the phosjAhatases, or the 
importance of chloride for the activation of amylases. In such 
cases specific properties of the ions towards the enzyme in 
question are concerned, which are not included in the expression 
for the ionic strength of the salts in the solution. Naturnllj' 
also the action of metal ions in enzymes containing a metal 
atom in the molecule falls beyond the scojje of the questions 
discussed here; this, for instance, applies to all the respiratory 
enzymes containing copper or iron. 

After completion of the preceding investigations an interest- 
ing paper concerning the difference in the pH at the surface of 
protein molecuic.s and the pH of the solution was received 
(I).AKir.i.Lt (dc*?)). From theoretical considerations the author 
here predicts that the variations in the ionic strength of the 
solution will affect this difference, and he points out that it 
seems jirobable that the greater part of the effect of neutral 
salts on enzymes is due to this variation. Fie further emphasizes 
the neccf-sity of tvorhing at con.stant ionic .strength if the results 
obtained are to be compared. The experiments described on 
the irifiuenee of the ionic strength on the action of thrombin 
may l>e looked upon ns an experimental verification of his 
throri.'ficai coiiskleration.s. 

Probably also the phospho-csterase studied by Bamaxk & 
(ItKlti) is influenced by the ionic strength, Tlic.so 
autljorr^ find tliat the activity with varying pH valuc.s diffcr.s 
vhen citrate imffer containing equal concentration of citrate 
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ion is used instead of the usual citrate buffer of Sorensen. 
By talcing, as they do, equal amounts of secondary sodium 
citrate and adding HCl or NaOH, both the ion content and 
the charge of the citrate ion arc changed; hence also the ionic 
strength is changed. This is due to the presence of polyvalent 
ions. The curves obtained are irregular. Probably more smooth 
cun*es could be obtained by using buffers of equal ionic strength. 

In the experiments on ^-glucosidases by Veibel & Lille- 
LtJND (idS) (1940) the differences in pH optima in different 
buffers seem to bo due to the specific properties of the ions 
in question, not to the ionic .strength of the solutions. This 
may also be the ca,sc in the investigations on urease by How- 
ell & Su.MNEit [93) (1934). 

In two papers just received, B.vllou k Luck {38) (1940), 
{39) (1941) describe the effect of different buffers on the activity 
of taka-diastasc and /5-nmylaso. As a rule thej’ use buffers of 
constant ionic strength, but compare also a buffer of constant 
ionic strength with a buffer of constant molarity. According 
to our conception as jwesented in tlie ])receding, such a reac- 
tion with an uncharged substrate would probably show only 
slight dependence on changes in the ionic strcngtli. From the 
curves found by the authors just mentioned, it is also seen 
that a total valerate concentration (the sum of valerate ion 
and valeric acid) of 0.07-m and a similar buffer of ionic strength 
0.05 jdelds equal activity at the higher pH values. At the lower 
values, however, the}'^ demate, and the experiments -with the 
mixtures with equal ionic strength show the most rapid de- 
crease in activity. This is contrarj’’ to our results vdth throm- 
bin, and may be explained by assuming a salt content to in- 
crease the activity of the enzjunc. As has already been sliqvm, 
this is not theoretically impossible for certain types of enzymes. 
However, in the case in question the enzyme is not of such a 
type and it is more likely that it is the increased content of 
the uncharged acid molecule in the experiments with constant 
ionic strength in comparison with the examples of constant 
total molarity which makes the difference. This conception is 
supported by the curves obtained with different buffers at 
constant ionic strength, as here the buffers, containing the 
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.-tmnger, ft!\d thus more dissocinted acids ns phosphate and 
citrate buffers, show only a minor decrease in activity by in* 
crt-asirjg hydrogen ion concentration, while the weakest acids, 
valerate, phenylacetatc, jditalnte. .shon* the largest deflection. 
'I'lie same explanation applies to experiments on invertase in 
acetate buffers described by ^YISA^•SKY (J70) (1939), where 
buffers of constant ionic strength but with varjdng content 
of uncharged acid arc compared. 

Anomalies in buffer action in enzyme reactions on uncharged 
substrates were also found in the case of lipases by Platt & 
Dawson {129) (192r)) and Sobotka & Click (J47) (1934). 



Chapter IV. 

INHIBITIOIN" OF THE COAGULATION 

This chapter deals ^nth processes inhibiting the blood clot- 
ting. A considerable number of investigations of this Idnd have 
been performed by previous authors, concerning which the 
reader may be referred to the reviews bj’- Morawitz, Wohlisch 
and OppENHEmER. Here regard will be paid only to papers 
of special significance for the problems treated. 

The first section of this chapter deals vdth investigations on 
the inhibition of the blood clotting as a whole. The second 
section treats the inhibition of the thrombin formation, and 
the last section deals ^vith the inhibition of the thrombin action. 

Here only substances showing a specific inhibitory action 
on either the thrombin formation or the thrombin action are 
considered. Alteration in the medium in which the clotting 
proceeds are not taken into consideration; this, for instance, 
applies to changes in pH and in the ionic strength of the so- 
lutions used. Also substances, the action of which depends on 
the removal of calcium ions or prothrombin, faU bejmnd the 
scope of this chapter. 

A. Inhibition of the Clotting Process as a Whole. 

The inhibition of the clotting of blood plasma by means of 
widely different substances has been a much studied question 
in the historj’- of blood coagulation, and it is easy in this way 
to obtain an impression of the inhibitory power of various 
substances. For theoretical reasons, this is a rather unsuitable 
method, as it is impossible to obtain sufficient information 
about the mechanism of the inhibition, for it may be either 
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t'H' tftrombin format ion, the thrombin action or both processes 
•A'lhch are acted upoit by tfic substance in question. 

For uractica] purposes, however, the inhibition of tlic clot- 
tine }-rorcss as a whole i.s of the utmost importance, without 
rt'gard to the .^epnnxtc reactions taking pnrt in it. Experiments 
in t fits direction may tlicrcfore precede and supplement investi- 
eixtinns on tiic two sojtarate processes taking place during the 
clotting. Due to the fact that the part played by each of these 
reactions in the inhibitor}* action is not known, caution must 
he exercised in the deduction of conclusions of theoretical 
imjiortaiice from stieh investigations. Still, with caution some 
sxtgec.stions may be. derived, which may be. useful in more 
thorouch .studie.s on the separate processes. 

By disregarding tiic thrombin-inactivating properties of 
j>!asma and as.suming that the inhibitory substance.s neutralize 
the ihromhokiimso added or n substance participating in the 
jirocos (■orre.s{)onding in amount to the thrombokinnso added 
—as. for instance, a tbrombokina.so-prothrombin complex — it 
is ]K)ssiide by conqairing the clotting times obtained with 
tfie times obtained by diluting tlic thromhokinnse to cal- 
<u!ate the amotmi of thrombokina.se which is able to induce 
ciottine in the .same time and therefore under the.se circum- 


stances is assmned to be present in a free state in the mix- 
ture. The amount bound by the inhibitory substance added 
i*- tlicn found by subtraction and a curve mn}* be plotted 
showing the amount of thrombokinase bound in this manner 
by adding inerca.sirig nnxoimts of inhibitory substance to the 
mixture. .Such a curve wa.s obtained in .studie.s on the action 


of hcp.irin on <‘iiiokcn plasma by Fischer & Astrup {7S). This 
curve uns sliown to corre.spond very well to the formation of 
a dis-ofiahie ('onqtound between heparin and the clotting 
.substance. Increasing amounts of heparin neutralized the action 
of proitortionally smaller amounts of thrombokinase. This result 


ailo’v •• t jie eonchision that one or both of ilie inhibitory processes 
may Im? due to reversible reactions in the ca.se of heparin, a.s 
iieparin acts in both proee.spc.s. If only one of the reactions is 
reversibie, it will he the inhibition of the thrombin action; 
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the reaction being forced in this direction if this was not the 
case. 

Experiments "svith chicken plasma are the most suitable in 
investigation of the clotting process as a whole, as no inhibitory 
substance has to be added in order to keep the plasma in the 
fluid state. So, no complications due to the presence of such 
substances will appear. Further, the thrombokinase employed 
was a very dilute chicken embryo extract, a verj’^ potent sub- 
stance, which means that only very small amounts of material 
are added, thus reducing to a minimum the disturbing influences 
of additional impurities. 

By investigating other substances in this manner (Fischer 
& Astrup { 79 )) it has been shown that for the accurate deter- 
mination of the strength of inhibitory substances it is necessary 
to use a method jdelding a curve of the results, thus alloA\ing 
a more accmate determination of the values, as the single 
determinations may vary considerably. Further, it was show 
that it may be quite impossible to compare the strength of 
two anticoagulants — ^for instance, heparin and germanin — as the 
two curves obtained may differ in appearance, indicating not 
only quantitative but also qualitative differences in the action 
of the two substances. 

By carrying the investigations further it was showm that 
different substances — heparin, acid and basic dyes, and salts 
of heav}’- metals — reacted differently, as some show'ed more 
dissociable compounds than others (Astrup (d)). Later it Avas 
found that curves corresponding to those obtained for sub- 
stances showing no dissociation could be calculated theoretically 
from the equation (1) for the action of thrombokinase on plasma, 
thus giving some sort of confirmation of the assumptions made. 
For the substances assumed to yield dissociable compounds, 
deviations in the expected direction were found (Astrup & 
Astrup ( 20 )). 

The question is of considerable practical importance as the 
potency of heparin and similar anticoagulants is always measured 
by their inhibitory action on the clotting of Avhole blood or 
plasma. Various methods for this measurement have been 
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ilevbcd. The most suitable method both as regards the accuracy 
required and with respect to the plotting of curves, yielding 
not only the quantitative differences but also the qualitative, 
is the one based on chieken plasma described by Fischek & 
.Scji.MiTZ (S3), Avhieh was used for tlic investigations just mentioned. 
In another jiaper (Astruf (7)) the standardization of heparin 
is treated, and it is shown that no synthetic anticoagulant is 
suitable as a standard for measuring heparin strength, wliich 
otherwise would he of value, ns licparin, being a complicated 
jiolysaeeharide derivative, can not he prepared in a sufficiently 
defined chemically pure state. Further, in this and another 
paper (Astrlt & Bf.urets Jensen* (36)) it is pointed out that 
the ]uoperties of the plasma system even for chicken plasma 
vary so much from one c.vperiment to another that it is abso- 
lutely necessary to use a heparin standard for comparison of 
the jireparations investigated. 

According to our experiences, the chicken plasma method 
yields the most accurate measurements of heparin actiAuty. 
Some laboratories, liowcvor, may find the method rather 
trouble.somc. and in order to find a more ea.sy method Dam 
& Oi.AViND (37) have adapted it to the use of human plasma. 
In this paper the authors also are aware of the qualitative 
differences between different anticoagulants. 

It would be more convenient to use recalcified oxalated or 
citrnted ox plasma, but .so far no method is available for this. 
JonrKS (101) u.ses whole ox blood running directly from the 
animal into tubes containing different amounts of the heparin 
solution under inve.stigation, hut this is a rather cumbersome 
procf'dure for most laboratories. Wc liave therefore performed 
some experiments in order to worlc out a method based on ox 
plasma, ibis was done witlr some hope of succeeding, as it was 
found possible for the action of thrombokinase on ox plasma 
to obtain cun*es corresponding to the curves obtained for 
chicken pla.‘;mn (see Chapter II). 

In the following orientating experiments a purified thrombo- 
kijiase frcuu ox lung prepared ns do.scribed by Astrup & Dar- 
fJNO (21) ’.vas used. All the substances investigated previously 
(Astiu;i- (6\ ;)) Mere studied, namely heparin, liquoid Roche, 
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germanin, the acid dyes chlorazol fast pink and tij'^panblue, 
the basic dyes crystal violet (methyl violet), methjdene blue 
and Janus green and the salts CuClg and CdClg. Further, to- 
luidine blue and clupein sulphate were investigated because 
of their heparin-binding properties. Oxalated and citrated ox 
plasma was used, and the measurements were carried out as 
described previously. The optimal amount of calcium cliloride 
solution, from 0.01 to 0.10 mb of the solution of inhibiting 
substance and 0.1 ml of thromboMnase are mixed in the clot- 
ting tubes. Then 1.0 ml of the plasma is added and the clotting 
time determined. Table XI shows some of the results obtained 
on oxalated plasma (with the exception of CuClg which was 
obtained with citrated plasma). The clotting times are measured 
in seconds. 


Table XI. 
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From Table XI it is seen that in most cases the interval 
for which reliable measurements may be carried out is too small 
for drawing a curve. This is especially conspicuous on comparison 
of the increase in clotting time from no addition to the addition 
of 0.10 ml inhibiting solution with the increase from 0.10 ml 
to 0.20 ml. For the most interesting substance, heparin, only 
a very small increase is found in the first interval, while in the 
second interval the increase is far too great to be measurable. 
For substances of this land, therefore, it is not possible in this 
manner to devise a more simple measuring method. The hmit 
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for the exact dctertnination of the ciottiog tiincs lies bct\\eon 
one nnu two For POine of the substances which, nccord- 

inc to earlier investigr.lions, seem to form less dissociated com- 
|Miunfh\ the rt'stths are more promising. This npjdies, for in- 
luiuve, to hquoid. Cadmium chloride precipitates the thrombo- 
kitifise. S(jme of the dyes are used in warm solution in order 
to obtain an increased* solubility of the dye. Clupcin sulphate 
give? precipitate with the rccalcified mixture, which makes 
the clotting uncertain, hid it is seen that both toluidine blue 
and clupeitt s\d])hatc even in large amounts act as inhibiting 
suh'^tances otdy to a very moderate degree. 

Later it was found that some of the difficulties met with 
prohi’hly arise from the use of nn unsuitable thrombolunase 
soluti(i!\. The solutiou of ox lung thromhokinaso here cmploj'ed 
contains large amounts of partially dennturated proteins. Since 
it is known from the work of Fischer (73) that heparin com- 
hines easily with denaturated proteins, it is no wonder that 
difficulties may appear. Large amounts of heparin may here 
he hound without interfering with the clotting and thus escape 
the measuriJig. Tliis is of considerable importance with a sub- 
st.-nice ns Iiepnrin, which acts ns a potent anticoagulant oven 
in very small amounts. When the experiments described in 
(’)iapter II uith ox brain thrombokinnse wore finished, it was 
fried therefore to use such n thrombokinnse which was prepared 
in a more cantious manner than the lung thrombokinase. The 
re«u!t« were promising, and wc succeeded in this manner in 
working out a method for the determination of the potency 
of hepariti and similar substances based on ox plasma (Astrijp 
riAi^sMAit {32)). To most laboratories this method is more 
convenient than tiic diicken plasma method, and it is almost 
ns accurate, so that it maj' ho used for most practical purposes. 

The most interesting of the inhibitory substances is heparin, 
which is the physiological anticoagulant produced by the 
organism. It was discovered by Howell in 1918 and later 
studied especially by Charles k Scott and by Fischer & 
.Schmitz. Its con.stitution was established by Jorpes who 
chewed it to he a mucoitin poiysulphuric acid. Excellent rc- 
vi»-w~ liave been given on the chemistry of heparin, which 
th.eri fore will not be treated here. 
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In two papers (Astrhp & Behrkts Jensen {34, 35)) we 
have described the purification and investigation of heparin 
prepared from ox lung. Later a large amount of heparin was 
prepared from dog liver in order to compare it wdth the heparin 
isolated from ox lung, and it was found that it was very eas}’ 
from this source to obtain verj’^ potent heparin preparations. 
Unfortunate^, in the last steps of the purification process the 
whole lot was lost by accident, so that the investigation could 
not be completed. Recently the question has been solved by 
Jaques, Waters & Charles {100) (1942) (cf. the review of 
recent investigations on the chemistry of heparin by Jorpes 
{102) (1943)). Crystalline barium salts of heparin from dog, ox, 
pig and sheep were here prepared, and the heparin from dog 
was found to be the most potent of the substances. The rela- 
tive activities of the salts mentioned were found to be 10:6:2:1 
respective^. 

As a mucoitinpolysulphuric acid heparin carries a high elec- 
trical charge and it is capable of reacting with proteins and 
alter their properties (see especiall}’' the investigation by Fischer 
(73)). It is possible, therefore, that heparin interferes in this 
manner -with the blood clotting. Bergstrom {42), one of Jor- 
pes’ co-workers, therefore prepared sulphuric acid esters of 
various polysaccharides and investigated their inhibitory pro- 
perties. None of them were found to be of a strength comparable 
to that of heparin, but some showed a considerable strength. 
He obtained the results given in Table XII for the substances 
used for preparing sulphuric acid esters, and the figmes given 
for their activities correspond to the figure 11-13 for the pure 
heparin. 


Table XII. 
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In the last year n'c have been investigating synthetic sub- 
stances ptfparcd in a similar manner, and onr results are not 
quite concordant vith the results of Bergstrom. Wc prepared 
the suljdiuric acid esters of cellulose, chitin and starch and 
found tiicm as measured after our methods to be considerably 
tnurc potent, compared vith heparin, than found by Berg- 
strom. Our results are given in the last column of Table XII. 

■j'he.^o results were obtained by different methods, but al- 
\vay.« vitli blood obtained in the usual manner from the slaugltter- 
liou.«c. Either wliole blood or recalcified plasma from oxalatcd 
blood was used. On further investigation of the problem it tvas 
found that probably the increased thrombokinase content of 
the blootl used by us, in comparison with the blood used by 
Bergstrom, made the difference. It was found, namely, that 
the synthetic poly.sulphuric acids under our experimental con- 
ditions acted as if they formed less dissociable compounds 
than heparin. Hence, with an increase of the thrombokinase 
content only a corresponding amount of the anticoagulant is 
ncccs.sary in order to jirevent the coagulation, while in the 
case of iiepnrin a large surplus muot be taken. With small 
amounts of thrombokinase in the shed blood — as, for instance, 
under litc conditions entployed by Bergstrom — the dissociation 
is of minor importance, and in thi.s case the difference between 
an anticoagulant forming a dissociated compound and one 
yieiriing an undis.'joeiatcd compound, vanishes. When a relatively 
larire amount of thrombokinase is present in the blood, as will 
be the case in hlood obtained at the slangther-hou.se in the 
tisuiil manner witiioul special mcasuro.s, the differences in the 


action of two such anticoag^ilant.s will increase. Wliotlier it will 
be possible in thi.« manner to e.xplain the whole difference be- 


tucetj our results and tho.se of Bkrg.strom is still an o])cn 
q!!0-tion (AsTRur, Galsmar k Volkert (.33)). 

The srune np])lie.~ to our invo.stigntions on the action in vivo 
of the substanws in que.stion. With the exception of the sul- 
phum- Rf'id e.ster made from chondroitin sulphuric acid, Bero- 
sTHr .55 n.^sumes the syntlietic .snbstancc.s to bo toxic, but he 
ue.Titioas only an ex[>eriment with the cellulose derivative. In 
rt previott. (I'fscHKR Asrnvr [80)) it was shotvn that 
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in mouse the ingested heparin is not absorbed from the ali- 
mentary tract to any extent but is excreted unchanged with 
the feces in the course of about two days. In view of this find- 
ing, and as we also found the cellulose derivative toxic when 
given intravenously, we tried the toxicity of the substance 
when given by mouth. As according to the experiments with 
heparin, only minute amounts were supposed to be absorbed 
by the organism, the substance was expected to be non-toxic 
when given in this manner. This was also found to be the case ; 
and this finding is of interest in view of the possible use of the 
substance as an anticoagulant for the preparation of blood pro- 
ducts instead of the citrates and pjwophosphates commonly used. 

The chitin derivative, however, we found to be non-toxic 
also on intravenous injection. So, it may therefore serve as an 
inexpensive substitute for heparin in the treatment of thrombotic 
conditions. Due to the considerable interest for such a substance 
we have therefore carried out extensive studies on this com- 
pound and its properties, and its pharmacology has been made 
the object of a careful examination by J. Piper { 128 ). All these 
investigations are to be published in the near future.^) 

It has already been mentioned that conclusions concerning 
the mechanism of the inhibitor^’- action of anticoagulants may 
be drawn from experiments vuth whole blood or plasma only 
%vith the utmost caution, and from the experiments cited only 
the difference in the tendency of various anticoagulants to 
form more or less dissociable compounds seems to be a suffi- 
ciently established fact. In order to obtain a deeper under- 
standing of the reactions, the two phases of the blood clotting 
must be investigated separately. 

B. Inhibition of the Thrombin Formation. 

Heparin was assumed by Hoavele to inhibit directly the 
transformation of prothrombin into thrombin by combining 

Recent experiments by Piper indicate that chitin polysulfuric acid is 
not quite as harmless against the living organism as is heparin. In a paper 
recently received, Karrer, Koenig & Usteri (Helv. Chim. Acta. 26 , 1296 
(1943)) describe some cellulose derivatives, which are said to be relatively 
non-toxic. 
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with prothrombin. It was therefore called an “antiprothrom- 
bin”. 

Mcllaxbv {113) (1935) and Quick (132) (1936) found, how- 
ever. that purified prothrombin solutions cotdd be converted 
into thrombin without interference from heparin. At the same 
time Fi.'^cuEu (Tr) (193G) investigated the clotting of a purified 
chicken fibrinogen by means of tlrromboldnase. In this process 
lie found the presence of large amounts of heparin to be with- 
out any influence, but after the addition of fresh plasma or 
plasma heated to 56“ the clotting was inhibited. 

In e.xpcriments, undertaken to investigate these findings, it 
was now found that the fibrinogen used by Fischer contained 
jirotlirombin, thus causing a coagulation of the fibrinogen by 
the addition of thromboldnase in the presence of calcium ions. 
Chicken fibrinogen free from prothrombin did not clot by 
means of thrombokinase. Further, the presence in plasma of 
some unknown constituent necessary for the action of heparin 
as an antiprothrorabin was confirmed. 

During our investigations a paper by Bbinkiious, Smith, 
\V.\KNKU & Sf.egf.rs {46) (1939) rvas received, in which experi- 
ments concerning a substance (present in plasma) which acted 
in conjunction with heparin to prevent the conversion of pro- 
thrombin into tlirombin are described. Tlic findings of these 
nutiiors were thus in accordance with ours, and a preliminary' 
note was therefore published (Astrup {14) (1939)). This was 
followed by a statement by Ferggsox {GS) (1939), who believed 
the rcHults to bo due to the inhibition of the thrombin formed 
by mean.s of an antithrombin, thus denying the presence of an 
antiprothrombic substance in pln.smn. In an answer to thi.s 
P4aNKnou.s, S-MITII, W.ARXER Seegebs {47) (1939) pointed 
out that the prothrombin is not converted into thrombin in 


the presence of the .said .substance, wdiich therefore must be 
able by comluning with heparin to form an aniiprothrombic 
agent, e%-on if the possibility of forming an antilhrombic agent 
nho exists. Feugesox (67) (1939) and Fergusox & Glazko 
{6J) (1941) inter still found that heparin does not need any 
TO-faetor for its nntiprotliromhic action, but as in the albumin 
fraction o{ pln.sma they found a substance increasing this pro- 
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perty, they mentioned the possibility that their solutions might 
contain small amounts of this substance. 

Regarding the question of the action of thrombokinase on 
fibrinogen our results in the preparation of purified, prothrom- 
bin-free, fibrinogen solutions have already been published. 
Prothrombin-free chicken fibrinogen, which does not clot on 
addition of thrombokinase and calcium chloride was used in 
the investigations { 8 ) and ( 16 ), and the purification of fibrinogen 
has been investigated in detail in ( 26 ). 

As mentioned, our results concerning the antiprothrombic 
action of heparin confirmed the findings reported by Fischer 
(77) and by Brthkhous, Smith, Warner & Seegers ( 46 ) 
but without extending them, as they merely showed qualita- 
tively that prothrombin did not disappear in heparin plasma, 
as it was possible to clot such plasma by addition of thrombo- 
kinase. If thrombin eventuallj’’ is formed, it is inactivated by 
the antithrombin present. It was therefore decided to postpone 
further investigations and publications, until more significant 
and quantitative results had been obtained. Above all, it was 
important to investigate the prothrombin and its properties 
and, if possible, to prepare purified and stable preparations. 
It was of equal importance to stud}^ the antitlirombic effect 
of heparin in order to compare it with the more difficultly 
accessible antiprothrombic effect. While, as akeady mentioned, 
we have so far not succeeded in preparing sufficiently stable, 
purified prothrombin solutions, our investigations on anti- 
thrombin and the antitlirombic effect of heparin have jdelded 
results of considerable interest. The following section deals 
with these problems. 

C. Inhibition of the Thrombin Action. 

As is well known, plasma and serum contain substances which 
inactivate thrombin. With the discovery of heparin by How- 
ell & Holt ( 96 ) (1918) this question was divided into two, 
namely, the question about the properties and reactions of the 
antithrombin normally present in plasma and serum, and those 
of the antithrombin resulting from the addition of heparin. 
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Howell Holt found tlmt heparin alone does not prevent 
the clotting of fibrinogen by thrombin when purified solutions 
.'ire ined. and this has been confirmed by several later authors. 
The c.stablishmcnl of the inhibition requires the presence of 
sfune unknown substance from plasma, and only in connection 
with this substance does heparin act as an “antithrombin”. 
In order, thercfoiv, to distinguish between the normal anti- 
thrmubin of plasma and serum and the antithrombin formed 
from lieparin, we have chosen the term "thrombin inhihitor'"’ 
for the }a.st -mentioned substance and retained the name "anti- 
thrombin" for the normal antithrombic properties of plasma 
and scrum, ns they are well known from older investigations 
and tliu.s have a priority. The component in plasma then, which 
'must be present for the formation of the thrombin inliibitor 
from heparin is called "thrombin coinhibitor" . 

In order to obtain reliable and, if possible, quantitative re- 
sults from the e.xperiments, it was of importance first to work 
out a method for measuring tlie normal antithrombin in plasma. 
The basis for this was already laid dowm in the preparation of 
])urificd thrombin and the establishment of a thrombin unit 
{T.U.). 

A.s normal nntithrombin reacts but slowly with thrombin, it 
is necessary to let thrombin and nntithrombin act sufficiently 
long on each other. By most previous authors this condition 
has not boon fulfilled, and no suitable method for the deter- 
mination of the strength of antithrombin is knoum from the 
literature. It is also known that at low temperatures the inter- 
action between thrombin and antitlirombin proceeds verj' 
lowly. 

We thci-efore decided to incubate the mixture at 37°, and 
at this temperature we found l.’i minute.s to he sufficient for 
neutralization of tlie nntithrombin present in the solution. On 
^hi^ basis it was found po.^siblo to worlc out a measuring method 
«or autithrombin of .sufficient accuracy (Astrup & Darlikg 
(dD (10f2)). The features of the method, which made this 
are the following: 

/. Oiih purified antithrombin-free reagents are used for the 

measurements. 
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2 . A very potent tlirombin solution is used. Only in this case 
is it possible to say anything definite about the presence 
and amormt of antithrombic substance, due to the com- 
plicated mechanism of the blood clotting and its sensitivity 
to different influences. 

5. Only a fraction of the thrombin present is neutralized, so 
that the remaining activity may be determined with as 
great an accuracy as the original activity. 

4 . The thrombin-antitlirombin mixture is incubated at 37° un- 
til full saturation. 

5 . The amount of thrombin solution is kept constant while 
the amount of antithrombin added is varied. As in reality 
it is the amount of active substance (thrombin) which is 
determined before and after neutrahzation, this gives the 
most satisfactory conditions for the measurements. 

6. In order to obtain the greatest accuracy a curve is dra^vn 
from the measurements of samples containing varying 
amounts of the antithrombin and a corrected value is foimd 
by interpolation. 

Later experiences in using this method have recently been 
published (Astrup, Sels0 & Volkbrt ( 36 )). The most important 
observations here are that the fibrinogen employed must be 
prepared from tricalciumsphosphate-treated plasma (Bordet 
plasma) in order to give reproducible measurements, and that 
the thrombin preparations used for maldng the solutions must 
have a certain purity in order to give good clotting of the fibrin- 
ogen solution. Further some experiences with plasma of different 
species are mentioned, from which it is seen that the difficulties 
in the measurements vary from species to species, rabbit plasma 
and senun being the most satisfactory. 

As a unit for antithrombin (A.T.U.) the amount of anti- 
thrombic substance was chosen, which under the experimental 
conditions described inactivates one unit of thrombin. The 
measurement is then carried out as follows : 

In a series of five tubes, antithrombin-containing material 
is placed in amounts of 0.00, 0.05, 0.10, 0.15 and 0.20 ml, and 
physiological NaCl is added until 0.30 ml. Then 1.0 ml of a 
thrombin solution containing a T.U. (about 40 T.U.) per ml is 
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added to each tube, and they are placed in a ivater-bath at 37^ 
for Ifj minutes and then transfeiTcd to ice-ivater. In every 
.«am})Ic the remaining thrombin content is determined in the 
usual manner by placing 0.10 ml oi the incubated mixture in 
a clotting tube and measuring the clotting time after the addi- 
tion of 1.0 ml of the fibrinogen solution. As a rule three deter- 
minations are made on every sample. The clotting time for the 
contra! tube containing no antithrombic substance is called 4 . 
The mean value of the clotting times for the tube containing 
n mi of antithrombic substance is called t„. Then the amount 
c of antitlirornbin units per ml of the material in question is 
found from the following equation (17). 

1--) A.T.U. per ml (17) 

n \ tj 

The value used for to//„ is found by interpolation from a 
curve jilottcd with n ml of antithrombic material as abscissa 
and tp//„ as ordinate. 

We have u.sed the method to investigate the properties of 
anlithrombin and the amount contained in plasma and serum. 
In accordance with previous authons, we have found the nnti- 
fhromhin content of one ml of plasma or serum to be consider- 
ably larger thaii tlic amount of thrombin ■whicli may be pre- 
pared from the same quantit 3 L Further we have found the 
normal antithrombin to belong to an albumin fraction in serum 
or plasma, as nlrcadv observed bi* Quick {134). 

We. have also investigated the antitbrombin formed from 
heparin and the relation of this “tlirombin inhibitor” to the 
n<»rinal antithrombin, for in.stanco, bj’ investigating the thermo- 
stabilitv {.'\sTiiur & Daiu.ixg {23, 2f/)). In this manner we have 
found that the co-factor noccs.sarv for turning heparin into an 
antitbrombin, which we have called “thrombin coinhibitor”, Is 
a far mrm> delicate sub.stanco than hitherto assumed. It di.s- 
npjKirirs from plasma during clotting and is therefore not found 
ht >^erum, whether prepared hy addition of tlirombin, bj’ .spon- 
taneo»,« rlofting or by recalcification. It is further inactivated 
Completely by heating to for o minutes. On the other hand, 
>.he .'•tabih’ty of Ifie thrombin inhibitor is more sitnilar to that 
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of the normal antithrombin. While thrombin and normal anti- 
thrombin seem to nnite to form an undissociable compound, 
called metathrombin by earlier authors, thrombin seems to 
react vith tlirombin inhibitor under the formation of a dissoci- 
able compound. The tlirombin coinhibitor, like the normal anti- 
thrombin, is found in the albumin but not in the same fraction. 

In a paper, just received, Glazko & Fergusox (85) (1940) 
tr};^ to measure the normal antithrombin quantitatively. They 
call it “progressive antithrombin”, while the antithrombin 
formed from heparin is called “immediate antithrombin”. They 
are of the opinion that the normal “progressive” antithrombic 
activity is due to a proteolytic enzyme, and they therefore 
measure its amount by measuring the velocity of the inhibiting 
reaction. This of course is considerably more difficult than to 
determine the maximal amount of thrombin neutralized by a 
given amount of antithrombin, as we do, finding the anti- 
thrombin to be a definite substance which neutrahzes throm- 
bin b 3 ' combining vdth it. With our method different phj^siolo- 
gical problems concerning the antithrombin content of the 
blood have been investigated in detail by Volkert (159, 160, 
161), and his results are not always in accordance with the 
conceptions of previous authors working with less satisfactorj’ 
measuring methods. The investigations were carried out on 
rabbits and have yielded interesting results. Thus the anti- 
thrombin content of the blood is found to increase during 
immunization with protein solutions and in obstructive jaundice. 
Intravenous injection of india ink prevents tliis increase, and 
lowers an increased content to a normal level. immuni- 
zation with corpuscular antigens (bacteria, blood corpuscules) 
no increase is obtained. On the other hand, injection of various 
liigh-molecular substances without antigenic character also 
gives an increase; tliis, for instance, is the case with gelatine, 
soluble starch and acacia (gum arable). It is possible to show 
that also with these substances the hving organism is sensi- 
tized just as in a real immunization, and that also a reaction 
similar to an anaphjdactic shock may be produced. During this 
shock the antithrombin content is increased to maximum but 
falls in a few hours to normal level. When solutions, but not 
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forpxipculcp, aro uj^c'd another sccoiidnrj" increase is found after 
24 !\ounL which then falls slowly in the course of several weeks. 
All ha])}>enings are further shown to occur only for the 

£..T!tithro!uhic agent, which is due to heparin and the coinhibitor, 
while the normal antithromhic agent (the antithrombin in the 
stricter sense) does not change. Later Volkekt {762) investigated 
the antithrombin content of the blood of rabbits in peptone 
shock. Due to the small amount of heparin produced by the 
rabbit, it ha.s not been possible with earlier methods to use 
rabbits as experimental animals in shock, whore the anti- 
thrombin or heparin content was to be studied. 

Further studies deal with the antithrombin content of the 
Idood in man under normal and pathological conditions (VoL- 
KKJ’.T A Hr.BTrL {164)). And recently it has been found both 
fX[»orimcntally on rabbits (Volkf.rt {163)) and clinically in 
man (Vot.KKiiT A' PirEu {166)) that a relation exists between 
the antithrombin content of the blood and certain thrombotic 
conditions, which of course is of considerable interest as a 
fmuulation for the treatment of such conditions by heparin 
or similar anlithrombin-yiclding substances.^) 

luYC.stigations on the propertie.s of other inhibitory sub- 
stnnws regarding tbeir influence on the second phase of the 
blood clotting. J.C., in respect to their aniithrombic action, 
arc only few. This may possibly be duo to the circumstance 
th.at the knowledge of the preparation of potent thrombin 
.solutions, such as arc to bo used for investigations of this kind, 
is of a rather recent date. Inve.stigations have been carried out 
by n.susi.KK VoGFi. {DJ) (lh3G), who find that salts of heavj- 
Tuetals prevent the clotting by combining with fibrinogen. 
ItcfHnuly the question has been studied by Glazko & Greex- 
I'.r.Er, (.S7j (Ihio) and Gi.azko & Ferousox {SG) (1941). Accord- 
ing to their opinion, anions act on thrombin, while cations act 
on fibrinogen. 

\'ie have now studied the aforementioned sub.slancoa again.st 
tiuoinbin and fibrinogen, prcferabl3' in order to see if the throm- 


1.;!! roinlu'bitor is neecssars" for the 


notion of .suh.slanccs other 


s 


VhT ihi- lAUM puxjyin^ 0«r rrathwl hav been med by P. IIoi.si Ktnusr.N 
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than heparin. In a clotting tube 0.10 ml thrombm is placed, 
and from 0 to 0.20 ml of the inhibitory solution. Then 1.0 ml 
of ox plasma or fibrinogen solution is added, and the clotting 
time is determined as usual. 

The results obtained do not correspond udth the previously 
mentioned investigations on the action of the same substances 
on whole plasma clotted by recalcification and thrombokinase. 
In several respects unexpected results are obtained. First some 
experiments made with heparin for comparison will be de- 
scribed. Solutions giving clotting times of about one minute 
for 0.1 ml addition are used when possible. 

Heparin: A preparation with the strength K = 4 — 5 was used. 0.01 ml 
of a 0,05 per cent solution raised the clotting time of citrated oxalated plasma 
and Bordet plasma from about 10 seconds to a few minutes. For thrombo- 
kinase this amount was almost without any inhibitory influence, presumably 
due to the large amounts of denatured proteins present. The heparin solution 
must be diluted 10 times, namely to 0.005 per cent in order to obtain results 
comparable with those obtained with thrombokinase. On fibrinogen, on the 
other hand, 0.01 ml of a 0.05 per cent solution has only a very slight influence, 
for instance, from 10 seconds in the control to 12 seconds in the sample, and 
addition of 0.1 ml increases the clotting time only to 14 seconds. A 0.5 per 
cent heparin solution behaves in a similar manner. It is further found that 
the largest increase always happens with the first addition of, heparin, and 
that it varies in height from fibrinogen sample to fibrinogen sample, while 
the later addition of large amounts of heparin is almost without any influence. 
This is due to small and varying amounts of the thrombin coinhibitor left in 
the fibrinogen solution. 

Cadmium chloride and cupric chloride: A 4 per cent cadmium chloride is 
used, but it only prevents the clotting to a small degree in the amounts used 
and in plasma. Larger amounts give precipitate, and in fibrinogen solutions 
a precipitate is immediately formed. Therefore, it probably reacts with fibrin- 
ogen only, and to a certain degree it is prevented from doing so by the plasma 
proteins. The same applies to a 0.4 per cent cupric chloride solution. 

Basic dyes: Methylene blue is used in a 0.8 per cent warm solution. It is 
without influence on plasma and inhibits only to a slight degree in fibrinogen 
solutions. The clotting times are difficult to determine, especially in fibrinogen 
solutions, due to the deep color of the solution. Janus green is used in a 0.2 
per cent solution, and is also deeply colored. However, the fibrin threads 
formed adsorb the dye so that it is easy in this case to observe the clotting. 
It inhibits the action of thrombin in plasma. 0.10 ml raises the clotting time 
from about 10 seconds to about one minute. On fibrinogen it is considerably 
less active though not so inactive as heparin. Methyl violet (crystal violet) is 
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i!'. *''.2 per ccnl .<oluUon. Both on plasma and (ibrinogcn it acts only 

If' a rnh-.or extent ns an inliibilory substance. 

ChhrnTo! fart pink and tnjpan Mtic arc used, and these two sub- 
stance'. n-'cniblc c.icli other in their inhibitory action. On plasma 0.3 per cent 
rhlor.irot fiHi pink and t.O per cent trypan blue is used and the action is very 
similar to the action of heparin in a 0.005 per cent solution. But while heparin 
even in InrriT conrcntralioiis was without any significant effect on purified 
fdirinoscn. these two dyes were more active on fibrinogen than on plasma, 
liw eidutlojis of the dyes mtist be diluted, chtorazol fast pink to O.OG per cent, 
iryj'.m blue to ihl per cent or lower, in order to obtain measurable clotting 
times not exceeding tiO seconds. Their actions arc thus clearly different from 
the action of heparin, as they do not need the presence of a co-factor and 
are haniperrd hy the presence of the plasma proteins. 

fPrnt'.tnin and liqnoUi Uocisc: In plasma germnnin is used in a 1.0 per cent 
<ohilion. and In this concctitralion it Is not very active. In Jlbrinogen solu- 
tions it must t)c diluted to 0.2 per cent. Similar results arc obtained with 
lifpioii!. sshtcli in plasma is used in a 0.1 per cent solution, but in fibrinogen 
solution^ may be diliitcci to o.oo t per cent if the addition of 0.1 ml shall give 
cloiti’tg times not exceeding GO seconds. Tlu'sc snl»slanccs therefore act .simi- 
Jariy to the acid dyes, luit liquold seems to be a specific antithrombic sub- 
stance. needing no co-Iaclor, or it combines with fibrinogen without prccipi- 
t.iting it. 

TuUmlinr tliii- nnd cUt(icin stilplMlr: Toluidinc blue in a 1.0 per cent solu- 
tion is ssithont any signific.'inl influence on the clotting of cillier plasma or 
fitiririfgvn liy ttiroiuljin. Ciupcin sulishatc in small amounts in a 1.0 per cctil 
solniio!! lovsers the cintting time of plasma and fibrinogen. J.arger amounts 
gisr prveipitate in plasm.a. but in fibrinogtm solutions even vers’ large amounts 
do not change tfic clotting lime more ttian n few seconds. 


Fntm these re.stiUs tiic nction of inhibitory .substance.s on 
pftt.sma in the pro.scnce of tbroinbokinnso is seen to differ from 
the action in the presence of thrombin; further, tbi.s again i.*^ 
ilifferent fn^m the action on fibrinogen clotted by tlirombin. In 
several Ciises plasjiin i.s found to hamjier the action of otherwise 
very .ti'five inhibitory agents; thi.s applic-s in particular to acid 
>ub?fnnm,:s. In ease was a co-factor from pla.sma nece.ssary 
t«' tlic inlabitorv substanee.s mentioned, a.s not one of them 
v.n- intrixised in activity to any c.\tent by the presence of 
plastna, 

iiu' . liowever, does nut apply to the aforementioned syiithe- 
lie poly.siuchnritle sulpluuie .acid e.sters, which act a.s anti- 
d.oanlnu in n similar tnanner a.s heparin, and who.se jtroperties 
are to Sk- dr-eribed in a paj)cr to be publi.shed later. 
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After giving first a brief description of the historical develop- 
ment of the knowledge of blood coagulation and its present 
status, Chapter II deals with the activation of the coagulation 
by reviewing some previous works of the author and by additio- 
nal experimental studies. 

First the properties and the action of thrombokinase are 
discussed, and the relation between the clotting time and the 
amount of thrombokinase is examined thoroughly. Thrombo- 
kinase derived from ox brain is here studied especially, and its 
properties are compared with the results obtained earher with 
thrombokinase from ox lung. Thrombokinase from brain is 
more stable than thrombokinase from lung, and a convenient 
method is given for the preparation of a suspension of brain 
thrombokinase (Q-9), which may be kept at 0° for several 
months without any appreciable deterioration. It is shown 
that qualitative differences exist between products of brain 
thromboldnase prepared in different ways, and that the un- 
treated substance is the most active and stands the dilution 
best. Consequently, such a preparation is more suitable for 
investigations where a powerful thrombokinase is used — e.g., 
for the determination of the prothrombin content of plasma. 
The inactivation by heating is studied, and it is found that the 
inactivation is not preceded by an activation, as is the case 
with thrombokinase from lung. 

Then prothrombin and its conversion into thrombin is dealt 
Avith. First our studies on the preparation of purified and potent 
thrombin and its properties are reviewed, from which it is 
concluded that thrombin is an enzyme. Then our studies on 
prothrombin are reported. It was not possible to prepare as 
potent and stable preparations of prothrombin as of thrombin. 
We succeeded in showing, however, that while thrombin pro- 
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{v-lnrur- to the albumin?, prothrombin is a globulin. The 
r-.:nYr.-inn of jimthrombin into thrombin therefore seems to 
in the splitting of n globulin molecule under formation 
if an alturniin inolecule. The mechanism of this process is 


fii'Ynt-v-cfi. 

in the third .‘■cclimt the so-called antocatalytic reaction 
diiritm the clotting is treated. First, previously ptiblished in- 
veod.jatiotu- are mentioned, from which it is seen that neither 
the i;on version of fibrinogen into fibrin nor the formation of 
thrombin proceeds during an antocatalytic reaction, even if 
tlie curves obtained, esjtceinlly those from experiments with 
phy.-ical methods, seem to indicate such a reaction. Then ex- 
periments nm sot forth pointing at the possibility of the nuto- 
<atalytic formation of an activating substance, a thromho- 
kinnso, from a precursor, a prokinase, and the probability of 
such a reaction is discussed. 

k'iuipter III deals with the clotting proccs.s proper. 

In the first section (A) the action of thrombin on plasma is 
investigated. The measurement of the potency of thrombin 
.'dilutions is dcscrihed. Plasma is unsuitable for .such dotennina- 


tiot)*- and a .<{)Oeiaily prepared, ammonium sulphate-precipitated, 
fibrinogen is used, and comparison made with a solution of a 
thniiiihin .‘Jtatidard. It i.s further shown that onlj* on .such fibrin- 
ogen .‘•ohilions direct rccijirocity is obtained between the amount 
of titrombin adcled and tlic clotting time. The curves obtained 
xvitli pla<ma are similar to the curvc.s obtained for thrombo- 
kina-e .anil fit the double Jogarithinic equation u.sed here. 

in .‘cction jJ the .significance of pH and ionic strength to the 
nttion oi thrombin is investigated. The pH o])timnm for the 
throriii.iin netioji i.s sfndic<l, and it is shown that it is po.ssible 
to expiaiti tin- flivergent rc.sult.s of previous authors bj' taking 
tlic ionic strength of the .solution into con.sideralion. In the 


buffers 

Varies 


most eniftkiycfi for enzymatic .sttidies the ionic .strength 
with the pH of the buffer mixture, and the results ob- 
vitli fucli buffers differ from the results obtained with 


buffer 
ihv pH 
iic'd or 


}nixturc-> of 
<■![>? Eumrn i-. 


conefant ionic strength. In the latter case 
hanid rii neutral reaction, jtist as by using 
arying the jdl value, while for phosphate 
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buffers of constant molarity the pH-optimiun is found on the 
acid side, for ox j)lasma and ox fibrinogen at about pH 6,6. 
Neutral salts, which do not interfere etherise Rith the clot- 
ting process, inliibit the action of thrombin in proportion to 
the ionic strength of their solutions. 

In section C the species specificity of fibrinogen is mvesti- 
gated by obtaining curves for the pH optimum of thrombin 
acting on fibrinogen from various species, at either constant 
molarity or constant ionic strength of the buffers used. In either 
cases differences between the fibrinogens are found, as the pH 
optimum varies from species to species. 

In the last section the significance of the ionic strength to 
enzymatic reactions in general is dealt with briefly, and the 
necessity of taking the salt concentration into consideration in 
experiments concerning enz 3 ’me reactions is pointed out. Means 
for eliminating variations in the ionic strength are described, 
and some theoretical aspects of the question are discussed. 

In Chapter IV the properties of the inhibitory substances 
and the mechanism of their action are treated. 

First the clotting process as a whole is studied. This is im- 
portant for practical reasons, as the activities of inhibitory 
substances such as heparin are measured by means of normal 
blood or plasma. Further the proj)erties of such substances in 
whole blood or plasma determine the usefulness of the sub- 
stances either for therapeutic or technical pm-poses. It is men- 
tioned that different inhibitorj’^ substances act differently, not 
onlj' quantitatively’ but also qualitatively. This must be taken 
into consideration on comparison of different substances, for 
instance, by’ means of curves shoAving the inhibitory action in 
relation to the concentration of the substance. According to 
our inA’estigations in this respect, great differences exist be- 
tween the substances investigated. This apphes also to the 
action against thrombin, tested in plasma or fibrinogen solutions. 
The measurement of the heparin activity is discussed in the 
light of these and recent experiments. 

Heparin and the sy’nthetic poly’saccharide sulphuric esters 
are dealt with, and it is shown that our results are not quite 
in accordance Avith the results of previous authors, neither 
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the potency nor the toxicity of the synthetic snl)- 
."tniiccs. Difference--' in the qunlitativc action of these sul)- 

stanc'-’s are described. 

Tiic action of heparin ns an antiprothrombic and an anti- 
tlirornbic n^ent is disous.sed. In l)otti eases a co-factor present 
in pliiKina i.s ncces.-^ary to the inhibitory action. Our previous 
res'iihs c<>n(X'rninp tlicso questions arc I'cvievcd. Further, our 
inetiiod for measuring antithrombin quantitatively is presented, 
ami different investigations on the physiology and pathology 
of antithromhin are dealt with'. 
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Efter forst i Kapitel I at have givet en kortfattet Beskrivelse 
af den liistoriske Udvilding af Kendskabet til Blodets Koagu- 
lation og den nuvcerende Stilling, beliandler Kapitel II Koa- 
gulationens Aktiveringsproces. Der refereres dels tidligere Ar- 
bejder af Eorfatteren, og dels meddeles nj'^e experimentelle 
Undersogelser. 

Eorst behandles Throinboldnasens Egenskaber og Virkning, 
og Relationen raellem Koagulationstiden og Msengden of Throm- 
bokinase undersoges. Dette gjelder navnlig Tlirombokinase frem- 
stUlet af Oxehjerne, 1ms Egenskaber sammenlignes med de tid- 
ligeru for Thrombokinase fra Oxelunge fundne Resultater. 
Thrombokinase fra Hjeme er mere stabil end Thromboldnase 
fra Lunge, og en sinipel Metode for Fremstillingen af en Sus- 
pension af Hjemethrombokinase (Q-9) angives. Ved 0° holder 
denne Suspension sig flere Maaneder uden at tabe vusenthgt 
i Aktivitet. Det pa avisos, at der findes kvalitative ForskeUig- 
heder mellem Produkter af Hjernekinase fremstillet paa for- 
skellig Maade, og at den ubehandlede ICinase er den mest ak- 
tive og kan fortyndes mest ved Maalingerne. En saadan Kinase 
er derfor bedst egnet for Undersogelser, hvor en stserk Thrombo- 
kinase skal finde Anvendelse, f. Eks. ved Bestemmelse af Pro- 
thrombinindholdet i Plasma, Inaktiveringen ved Varme under- 
seges, og det findes, at der ildce forst som ved Lungethrombo- 
kinasen gennemlobes en Aktiveringsperiode. 

Derpaa behandles Protlirombinet og dets Omdannelse til 
Thrombin, Forst beskrives vore Undersogelser over Fremstil- 
hngen af et renset og stserkt aktivt Thrombin, og det sluttes, 
at Thrombinet er et Enzj'm, Derpaa gennemgaas vore Under- 
sogelser over Prothrombin, Det har ilike endnu vseret muligt 
for os at udarbejde Metoder til Fremstilling af tilstraskkeligt 
aktive og stabile Protlirombin Prseparater. Det lyldkedes dog at 


8 
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vii-e. at medcn? Prothvombinct horer til Globulinerne, syncs 
’rhnnnbinet at bore til Albumincrne. Omdnnnclseu nf Pi-o- 
thrombin til Thrombin cr mnnskc derfor on Spaltning a{ et 
fUobiilirmiolekyle til ct Albimiinmolckylc. Mckanisinen fordenne 
Prore^ dijskiitcrcs. 

I Kajnllets trodic Bel behandics den saakaldte autokalaly- 
tbke Fvoaktion under Koagulntioncn. Forst omtalcs allerede 
cdfctitlipginrtc U„dcrsngclser, nf hvilke dot fremgaar, at hver- 
ken Omdanneben af Fibrinogen til Fibrin oiler Dannelsen af 
1'hronibin skor ved cn antokatalytisk Reaktion, selv om der, 
navnlig ved Anvendclsc af fysiskc Maalomctoder, opnaas Knr- 
ver, soil! bar et autokntnl\-se-ligncndc Forlob. Derpaa beskrives 
Forsog. fom tyder paa, at dot autokatnlytiskc Forlob skyldes 
Dannelsen nf on aktivci'cndc Snbstans, cn Thrombokinaso, fra 
et inaktivt Forstadiuin i Plasma, en Prokinase, og Muligheden 
for en saadan Reaktion diskutcres. 

Knpitel III omhandler solve den egcntlige Koagulations- 
proces, I'ibrinogcncts Omdannclse til Fibrin under Indvirkning 
af Tiirombin. 

I den forstc Del hcraf (A) undersoges Thrombincts Virltning 
})aa Plasma, og Mnalingen af Thrombincts Styrke beskrives. 
Plasma vi.eor sig uegnet til disse Manlinger, og der anvendes 
flerfor en Fibrinogenoplosning frcmstillct ved Freldning med 
Ammoniiimsulfnt. Thrombincts Styrke fastsaittes ved Sammen- 
iigning med en Thrombinstandard. Kun ved Anvcndolsen af 
en saaledcs renset Fibrinogcnojdosning Jaas der omvondfc Pro- 
portionnlitet melloin Thrombinmmngden og Kongulationstiden. 
Do Kurver, dor fnas mod Plasma, ligner de tiksvarendo med 
Ihrombokinasc fundne, og den dobbclt logaritmiskc Ligning, 
der fandtes gyldig for Throinbokinasens Virkning, er ogsna gyl- 
dig for Thrombincts Virkning. 

I Afsnit B undersoges Betydningen af pH og lonstyrken for 
lhrond)inets \irkning, Ved at ingc Hen.syn til Jonstj'rken er 
del muligt at forklnro tidligcre modstridendc Angivclser for 
Thrombincts \ iriming i Afbajngighcd nf Opiosningens pH- 
\ a rdi (pH-Optimmnskurven). I de Stodpudeopiosninger som 
{Jmimk'Hgvis anvendes ved Knr.^’inundcrsogclHer vnricrer lon- 
ftyruen mod pHArenlicn, og Resulintcr opnaaedc med saa- 



SUMINIARY IK DAKISH 


115 


danne Puffere ahiger for Tlirombinets Vedlcommende fra Re- 
sultater fxmdet ved Anvendelse af Stodpudeoplosninger med 
konstant lonstjTke. I sidstnfevnte Tilfselde findes Reaktions- 
optiniet i Nferheden af neutral Realction, medens der med 
Posfatpuffer efter Soreksek med konstant Molaritet findes et 
pH-Optimum ved svagt sur Reaktion. Neutralsalte, som ikke 
paa anden Maade influerer paa Koagulationsmekanismen, hem- 
mer Thrombinets Virlming i Forhold til lonstjo-ken af deres 
Oplosninger. 

I Afsnit C behandles Fibrinogenets Artsspecifitot med Hen- 
syntagen til lonstjTken af de undersogte Oplosninger. Baade 
de Kurver over pH-Afhfengigheden af Thrombinets Virkning, 
der findes ved konstant lonstyrke og ved konstant Molaritet 
af de anvendte Stodpudeblandinger, viser, at Fibrinogener fra 
forskellige Dyrearter er forskellige. 

I det sidste Afsnit underkastes derpaa Betydningen af lon- 
styrken for enzymatiske Reaktioner i Almindelighed en kort- 
fattet teoretisk Rehandling. Nodvendigheden af at tage lon- 
styrken i Betragtning ved Enzymundersogelser paapeges, og 
i\Lidler til at udelukke iEndringer i lonstyrken angives. Nogle 
teoretiske Forhold vedrorende Saltvirkningen paa Enzj’-mpro- 
cesser diskuteres kort. 

I sidste Kapitel behandles de koagulationshemmende Stoffers 
Egenskaber og Viricning. 

Forst undersoges Koagulationen som Helhed. Dette er af 
praktiske Grunde vigtigt, da Styrken af de koagulationshem- 
mende Stoffer, som f. Eks. Heparin, maales ved Hjselp af nor- 
malt Blod eller Plasma. Desuden er det Virkningen paa helt 
Blod eller Plasma, som afgor disse Stoffers praktiske V£erdi 
enten som Laegemiddel eller til tekniske Formaal. Det findes, 
at de forskellige hemmende Stoffer ^^^ker forskelhgt, ikke alene 
kvantitativt, men ogsaa kvalitathi;. Dette maa tages i Be- 
tragtning ved Sammenligning af forskellige Substanser, f. Eks. 
ved Hjjelp af Kurver over deres Virkning i Relation til Kon- 
centrationen. Der er stor Forskel i den Henseende paa de for- 
skellige Stoffer. Dette gselder ogsaa Virkningen overfor Throm- 
bin (paa Plasma eller Fibrinogenoplosninger). Maalingen af He- 
parinets Styrke diskuteres \inder Hensyntagen til disse Forhold. 
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]!*;’|nir!T5 og !irntetL4;e Polysakkaridsvovlsyreestcre undersoges. 
Vorv' Re.-uUaier er ikkc licit i Overensstemmclse med tidligere 
ForiRttcrcs. hvcrkcn iiicd Honsyn til Styrkcn eller Giftighedcn 
nf do i^yntctisko Sub?tftn.‘=er. De virkcr kvalitativt forskclligt. 

Hcparinct? Virkniiig som ct “Aiitiprothrombin'’ og et “Anti- 
thrornbin” bchaiidle?. I begge Tilfailde er en Co-Paktor, soin 
findC' i nodvcndig for at Hepnrinet sknl udviso hem- 

incndc Kgcnskabcr. Voro tidligere Result nter vcdrorendc disse 
Spnrii.'iunal gennciiigaas, og vor }>Iaalenietode beskrives. De 
incd dcnnc udforte forskellige Undersogelser over Antithrom- 
bincts Fysiologi og Pntologi nrcvnes kort. 
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